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PREFACE 



Once each year, <Juring the annual meeting of the Ohio Acadary of Science, 
geographers are offered an opportunity to share 'their research findings with 
colleagues thnx*3h the fiesentation of professional papers. In many instances, 
papers pfresented during the Geography Section of the Acadery are fir§t attor^rts 
by^ graduate and undergraduate students at such an endeavor. Also, faculty 
nerbers frcra various Ohio universities usually have research results ana ntjth- 
odological points of viev to present. Uhfortynately,''as is often the case with 
such state-level conferences, little has been accCrplished in the past in ^ 
terms of collectively publishing geographical studies presented to the Acadany. 
As a result; papers presented are often either published in a wide variety of 
:«^.,u,.^gfe^»s>i2ff^A-P^ asld^ ^use of more pressing professional iratters. 

•nie purpose of this voliire ^s^t^Hqffer for the first time a published 
collection of research tKanes of ooncern.to'gafejgrapbers ard students of geo- 
graphy from several Chio universities. While this coUection of studies is an 
out-growth of the Goografrfiy Section of the (Jhio Acadany of Science meetir>g held 
at John Carroll Uhiversity in April, 1973, it cannot be considered a "t.rtjceedings" 
by current definiticn. This volvne is a representative selection of papers 
fran the latter conference. In addition, several of the studies contained 
^ herein have been substantially altered fron their original form, still, the 
Acadeiny meeting served as a point of departure for the initiation of what 
will hopefully beocne an annual publication of topics of concern to- Ohio 
geographers. 

' If there is any one axmxx therre among the eight contributions of this 

voliane it is that the individual authors express their interpretations^f -how 
phenomena which vary over geographic space can be understood and explained, 
Ttg specific topics of ooncem range from methodological essays to the qfeuitita- 
tivc analysis of historical geographic inforTtation. Ifcwever, since each contri- 
bution is preceeded by on abstract, 'jna editorial. suimotizatiOT is decned ncitssary 
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within this intrxxtvxrtoon. Sctne atten^t has been rrade to ax range thfe papers 

in a logical sequence of related topics, but this sequence is only so meaningful* 

as the papers theneelves relate to one another. 

All of the nechanical operations of publication preparation were carried out 
at tte University of ^Uccon; however, the 1973 Geography Section^ of the l\cad^ was 
organized by Wblf Itoder of the University of Cincinnati. Financial assistance for 
publicaUon was nade possible by Allen G. Noble, Chairnon of the Department of 
Geography, Lfniversity of A3u:on. We are also ir^ebted to Pebecca Ebxe for manuscript 
preparataon, Thomas Ks&ie for editorial assistance. Holly Vforcester and Sharon Yerkey 
for cartography, an3* ft^ert Pye for coordinaticn of printing. 

Gerald ^. Pyle 
Akrcn, Ohio 
1973 
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*■ AN ATTEOT AT REPOP« I?I nPTJO^AL arORAPIIY 

, Bobj/welter Frank C. Bemarxi ' 

Ohio University , 

' nrf^^Ko^^'^ oontUTued importance of regional courses In cx>Ueo. cur'rio 

^STLT^X^ f '^-'"^^ geography h^s roTUHKxl obdurately stable. ^.7>e 
^h^«*- -"S^ regional course on Africa, together with the disturbing 

anachronistic curricular rraterials and our difficulty in findi;^ adeouate^te?- 
lals for our class, stinulated us to develop a different approach to WhW^ " 
African geography 1^ appr^h is h^t^c and is ir^tendS^.TtSerS^ric- 
^ ^J<¥^aphi', bring it Into phage with the rest of the disciSine/ aS em- 

tho^f^ewrk for providing an integrating overview of the oontinerft and its 

Less than tw decades ago, a cornprehea^ive survey of Arx^ricAn crecgrar^iy 
plaoxJ OThasis on assbciat^ons of phencr^ that give character to par tic- 

ular places, and ... the liJcenesses and differences anting places" M5?6 ). 
iMs def mition of g^aj^, frequently refeirred ti as areal differentiation, 
has a l^thy and oC5ntinuous lecjacy both in Iforth Ainenca and Europe I 27:84-11 J. 
Ihe early i^rtance of this concept of geogriiphy led to an era in which descri{>- 
tive regional studies were the 'epi tone of gcograi^ic scholars|up. V.vigley { 75: 
7711 ) believes that Vidal de la Blache's vork ( 67;68 ] early in the present 
century represents the pinnacle of this tradition. For vidal and oUiers such as 
Sauer ( 59 ), Whittlesey^f 74 J, and Jair^^ I 35 ), the region v.t^s not only the 
proper unit of stirfy but also the ultimate goal of geographical research and 
writing. Accordingly, the curriculun of many geography departments Ixrre and ah- 
road thrived on courses based upon ma^or and minor region^. 

De^ite the strength and popularity of the arcal different latic^ definition 
of geography betwren 1920 and 1960, a nvlnber of other traditions generated inter- ' 
est. Pattison [ 49:211 J, llaggett [ 65:9-17 ), and llarvey { 28:114-16 ] identify 
at least four such traditions which sustained geograi^ic research throughout the 
rccjional ora of the c^iscipluie: landscape, spatial distribution, ran-larv^, and 
qmnetric. By the 1*^50 's geographers were beconing increasingly involved in 
research in these other traditions and a few writers. ( 39; 50: 185 J even' contested 
the ascendency^of areal differentiation. 

^ ^ ^oHnition of geofjraphy, areal differentiation and the broader 
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trddition of search for anifonn regions failed un a nuriber of vvc»ys. V<hile not 
inclusive, following are so^e of the inore ccnmon criticisms of the regional ap- 
proach: 

1) Regional -reseatch was not fundamental m the sense that it provided 
building blocks for other studies ary? bridges to other sciences. 

2) Regional research often sought Ae spatially unique and exceptional 
at the expense of the general and univers5d. 

3) ^ Regions were often conceived as concrete objects rather than as 

intellectual devices. ^ 

4) Regional izaticn as an exercise in bcientific classification was 
^ often illogical. 

5) The ultiirate goal of regional geography to corprehenc^ the integra- 
tion of a .freat Iiciterogenoity of phenanena in particular places 



(^27:35 ) led to the criticism that his holistic goal is virtually 
* . iinpossible for a geographer who is not a genius ( 50:190 I. 

6) Related to this holistic conception of the region is the criticism . 
leveled initially by Kint>le t 39 ] and extended recently by Wrigley 

[ 75:7-11 ] that the iregico as a concept is inadequate to describe 
tho modem earth- 

7) Finally, there is oonfiasion on the questicn of whether the region as 
a concept in yeograi^ is rerely a set of procedural rules for con- 
ducting resecirch or whether it has explanatory powers ( 28:125 ] . 

This barraae of critii-sip has led save ofcscrvers to toll the dpath bell for 
regional gcogr.lf^y [ 29:20 ]. For exarplQ, an assessrait of geography as a 
science, conducted in 1965 [ 1 ] iwJces no ntention of regions, region building, or 
regional analysis as problen areas or clusters of research interest. A survey of 
the discipline, published in 1970 and providing . .a ccrprehensive review 
and appraisal of. . . rapidly expanding fields of knowledge . . ( 65:v ] does 
nention the region as one of six il lustra tive*^tudies. 

,Cn the other hand, few, we think, would disaijrce with Wrigley' [ 75:13 ) when he 
asserts that Vuch geograjiiy is still regional, but no longer (la] geography 
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ajjout the regicn.*^ "ihus, v^dle regional; g^raphy^ no longer conprises the main 
(Jish, i|g|till.i^ at> lehst a '^e petition on, the geographer's platter of 



tood [ 42:5^8 ). ♦For exairple, recent methodological discussions confirm that 
sere geographers still desire to apply regional analysis to the eartii's practical 
•^^problems '( 3:14-26; 24:241-76; 23; and 61 i\nd still others argue that 
teqioiS ocntiiiue to be itip6rtant to'* g^ogra^iers as ^oonver)ticns'^ ( 42: 526-27 ], 
ws think it is accurai;e to say th^ we still do bear many^inarks of the regional 
era. of the discipline and that we fifid these useful m our scholarship. toa<ihing, 
and everyday lives. 

- ^ cui:V\c\jJa are even more reflective of Sfe earlier predominance of reg- 

' ipral -jeog^aphy; The excieptsLonalist philosophy vs-hich .undergixded regional sttdy ' 

is sti^lf anachronistically present^^in nui^jK^geography departments, Theoretical 

and 'scientifically organized systematic geography coJiabits uneasily ^ath rogicjnal 

geography, possess injjj^s LV^oes rmny of the distinguishing qualities of the era 

> " -^i * # * 

artSfcl differentiation. Texts for teaching, about scirfe of the earth's irajor regions 

demonstrate remarkably the gap between the modem research frc.ttier and tiie jceg- 

icnal classroan. Ihfe gap existj not cnly in ^approach but also in organization 

and content, Presimbly, it extends also to methods of instructic«. Gcod ex- 

airplcs r^y be foMna amohg the many texts on major world regions. Alinost ^i<JKAit 

eJtception these arc^ooncemed with subdivision 6t large areas into sirullor and 

ilrd'ller <wrt?as, fractionalizing the total region, losing sight pf its overall 

spatial character, and prodvcing an illogical system of classification, often an 

0 V 

unlx^ue set of regions, 'ttie basiis of organization is the region and all the 
material is molded l«to this format. ) 

A survey of forty^thifee textbooks on najor vsorld regions which we recently 
conducted oonf urms thg^ viewpoints. 'Ihes9 works are so indicated within the 
referenqp list^ of this study. Fran an examination of these texts, tiiree organi- 
zational methol^s are apparent. The most obvious and widely used one is areal, 
Ifere, a series of rogican,^ ^ib-rggipns, etc. constitute the fonrvjt by which 
material is aryanyed an^lj^resented. Over eighty-five percent (thirty-seven) of 
thQ, books surveyed t^li'^uib:^ this category. Assignment to discrete categories 



is difficult. There are five (de BI13, 1964; Ginsburq, 1958; Hance, 1964; 
Prothero, 1969; and West .\nd Augelli, 196^) \^ilich seeni to overlap into the 
other categcrids. 

" A se<?>ii^ method of organization is a topical ap^-roacV* to the major region 
under consideration, of the bc»ks surveyed, five [ 33; 45^^? 54; 66 ] can^\ 
"clearly be assigned to this category with the possible addition of ti%o nore. I 25; 
55 )/ also included in,t|>e first group. 

Itie third approach is theinatic. Cnly cne lxx)k ( 18 1 can c*learly be called 
th^ttvitic, although' four others ( 11; 19; 55; 71 J, assigned to 'tt)e first category, 
could possibly be included since they have elements of Uie thematic apppooch. 

"In assessing the /arioui! texts ai>d thei r* approaches to recjionq^ geography, 
the- third ncthod [ 18 ] seems to have ocxre closest to providing an integrating 
overview of a larvjo anjti.- Still, he has used only one tlxano dr>d thore«iftGr has 
retained the'areal format at the lower subdivisions of discussion. Wbst axxt 
Augelli {19661 also /.^ppear to have a theiTKJ-«-U*e cultural and historical forces 
vrfiich ^lave had an i/i^jact in Middle iVierica, creating ccnplex ^xit terns of cultural 
diversity* The spatial overview of t;he dynamic iJipoct of 'these forces, Ix^wever, 
is diminished beca\ise th^ organizational fL-rnat for dicjcussiixi (sub-regions and 
countries) caT^»rtmerjtalizes the material and. makes it difficult to grasp the 
broader perspective. ^ 

*- One final criticisii can be lo'velod -at rtjgional* geography texts. In nost 
regional J:pok|' highly desoriptive writing and encyclopedic scc^ "continue to sub^ 
stantiate the dull reputation of geographic writing I 17 ] , More serious is that 
such textLtal materials focus upon oniciue and exceptional cases, seek uut few 
generalizations, and faii^to note the connectivity of places and the* spatial 
systems present, clearly a legacy of, the oroal differentiation era. AVthough thqy 
propose to*syrth(isize, their efforts are uften ciiwittingly spatially disintegra- 
tive at a larger scal^. In additiori to all of the above, the characteristic 
which seeins roost anachronistic (and which should make oohaljitation with modem 
geograplty illegal) is that they almost never draw upon theoretical and conceptu- 
al develofjttants in systenatic goograpJiy. l»t:ere in any of the regional texts can . 



one fuyj reference to perception, spatial diffusion, network analysis-/ central' 
place theory, or recent advances in the use of historical sgurces and quantita- 
tive methods? The aiiswer is virtually nowhere. » 

Curricular materials and courses in regiqnal and. sy^temati9 geography thus / 
staxxi in sharp contrast; a crew-cut, narrowrlapGlod, pogleggcd regional geography" 

pretends that his long-haired, doublebroasted', fiair-bott(X«3 systematic cousin 

f 

does not exist. It is little*wonder 4:hat, when seeing* this anaclironistic rog-r ' 
Tonal figure and hi^ mod counterpart in the sanx? departmtait, scrx? of our stUients 
leave the field displayii^g latent schizoid synptons. ^ 

Is there a coed to resolve t±iis apparent dichotory, to give sfitstance to 
what Ipading thinkers arcjue is unity? For nwny reasons, if tlus has not al- 
ready becionie apparent, w believe that there is indeed a clear call to" Tax1erni7e 
rcciional gf<wtatihy, to bimj it into ph^ise with tlie rorvainder of the fiuKl, ar>d 
to eni)hasize the essenticd unity of the spatial viewpoint ( 2:4? 20:105 1., And. 
if vAG have correctly intt^rpretcd the, -forces iirpmying an teadim> cx.Ueye ^eogra-^- 
phy today, it seems reasonable to conclude tliat, w!>Mher ^ are re.nJy to a^ii^jt 
It or not/, regional geography continues Lo have a role in tlx? curriculum and in 
research as well. The c^estion is: .How can the sjroat gap tiiat seems to sepvirate 
regional and system tie gcograp^y be bridged? ' ' 

In pondering t^is tjuestion. Berry's { 2 ] atter^t to daTxx^st^atc tJie i(iter- 
dependency of systematic and regional geography by using a ggogfajiiic matrix is 
helpful. He states that the 'key to attaining this unitary view in which syste- 
matic and regional fjeograrhy becone parts of the same whole is tl^r identificat ion 
of a ccrron theme or themes throughiut an entire set of systematic or toi^ical 
variables recorded for the places in the region. Siich identification leads to 
an understanding of the. character of the region under study .^nd lielps to d%ting- 
uish it from otlvjr earth areas. Ilarvey [ 28: U6 I agrees: "A 'thcfr*?' acts as a 
directiv^ by ijxlicating the sort of facts the geographer ought to collcxrt and by * 
suggesting* the mode of organization of these facts." We contend therefore that 
the method of nringing new vigor and life to regional ooography so ^lat it re- 
fleets the research frontiers of the discipline is to isolate a nirtxa: of 



theros — themes vAiich express not only tlx JwdCter and inteirclatod parts of the 
particular regional (sub) system ijnd(ir suHv at a .jiveii scale but also reflect the 
csonceptual structure of .^eogr.iphy. rf thcin£?s can h<? chcscai whidi can cive rise 
to theories, regional geography v^ll <it lust be striving for the «jenerj<S rather 
than tl^ uniciue I 28:116 J. The exceptional ist legacy of areal differentiation 
will no longer be the foundation for rcgioivtl tcachirig. 

In view of the success a thrmtic apj nxKjh to systenotic curricular 
materials such as that of Kasperstjn and Minghi ( 58 ) vv'fiting in pclitical geo- 
graphy, it IS sikprlsing that few U^anatic attempts have been mode in regional 
geography. This vacuun, which to us secmxi ,tt iking, sti^dated our thinking 
ahout^thcrutic .iRjroJch tc^ Africa. tlTould a U>envitic approach, comunicate tho 
special anwLancc of Afrnja as. well as incarpoiate modem pe^spect^^/in Uie 
aisciplixK? ivould it tie ixj-sftiUts tu bft/H} s^TTie ordur to the ^itliertu cKiotically 
described spatial sy stars of Africa <xn\ tc incorporate sNme of the revolutionary 
recent dcveloprient^n got^giaphy? We ocjr»clut.!cxi Uva^ given the disml stat^ of 
African i:xirricular nuteri^ls it -^^Ul be wrth ctncoiving a thaiutic api,ro3ch for 
Africa. The project l)elcw Md its origins in these <iuostions. 

From anothfer survt'y, this tunc of r^stu^ic litr^r-ihire of Africa and gco^ 
<jraphy,*v.\: snlcct^ five U^xcmes (see ApperKjix^or an outline). Aese thenes ar^ 
intended to provide a coritxnt>ntal view t f sujuif leant spatial processes and 
patterns, AtUitiunally, t^>cy fumiait) a gojgiaijhic [xjrSpective to research topics , 
^ the othjer social sciences. Pollcwing is a brief description of this thenntic 
structure. « . 

Thcne I fs called HnvirorrK'nt; Afru.in Views and ;vlaptcitions." Although 
it concerns the enviroiinent, .it ScXjins with the assun^tion tliat an "objectively" 
described^ envtirompnt is often irrelevant to Africari iicrvin gctxjiapliy. Argvir^ts 
that xiescriptions uf ^iJiyS'i^il Lir^dscrtpcs provide a setting or stagx^ for tix? un- 
folding of iiuran spdtial jjat terns are unten<Vjle. Such settings are usually not 
an*ob3ective base upon v^ich hiirkin bcf^vior unfolds, but rather are tij^mselves 
intorpretatjions-'SeGn thruutjh*'the eyes^of Western, ubservors. The environrent is 
therefore considered a miiieu not only surrounJing and lOK^erpinning African 
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, . cultures but algo mteractii^ with than, jt is interpreted not frar. the viev- " 

point of outsiders, hut is explored through the of local cultures since 

^ ' - - !,^^„°L^ adaptations to the ehvirxxinent are a result 'of cultural 

conditiqnng/ It is pwt In a mode that is ^ingful to ^ man vho interacts 
with It. Fron-the oonce^ual frames of environrcntal perception, spatial organ^ 
_ iiati^, ^ cultural ecology, African ^interpretaticn and 'ad^ustn^nts in various 
^ par^s of the continent are examined; • * 

Cultural origins and dispersals are the focus for Ihene H, entitled "Cult- 
ural Genesis and Process.; ^ Ihe basic precise of this thate is that a great . 
thread of continuity may be found .in Africaa cultural evolution. 'This is of 
interest in itself, tut it is also geographically relevant because facing this 
^thread sheds light orf the processes of ncdem cultural .cHange, humn occupancy, 
, and spatial arraiYje^ts in Africa. The thread results in an intricately woven 
web of spatial and t^ral interacticn. Diffusion theory, v^ich is examined 
. tnethodologically as a dynamic proces^ with particular reference to Af ri^ 
provides tho framework for this discission. ' * 

Theme IlVientitled -PopuJ^tion Movement and Grange, " is concerned with 
^population mc^ility and deiogra^ change. Ihe movenent of African peoples,^ 
both new and ip the past, is viewed as a ubiquitous process and feignificai^t . 
integrating factor in ARdcan human §eogrpf^.. While nost geograt^ic textbooks 
\3^i to give this tharie adequate coverage, studies mcxJe in disciplines JucHIjs 
history I 58; 47 ] and 'eooncmics [ 32; 72 ], recognize population migration as a 
critical factor in the exchange of ideas and in Afi'ica's development. Modern 
• . movtments, especially those semi-permanent, interregional moves betwen rural 

^ " areas ancK'developed regions, are the most recent .pulsations of population mobil- . 
ity. * ^ , ^ , ^ * / • ^ ' 

The fourth thJe, entitled "Respbnse to Modemi2atic»i/' discussal the transi- 
ti»\ from traditional life to 'rnodemity, occurring in varying degrees ih every 
corner of the African continent. Ihe processes v^ich have been irost significant 
are econcpac fhange, urbanization, and political nodemization. fron the build- 
ing block^cf agricultjiral change, the concern is on the irtxieFnization process of ' 
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the njoral sector* Set within the rural natr-ix are urban nodes possessing rured 
links in varying dcgiMjes and growing differentially, internally and exiemally. 
rixtulating the*whole process of change are the political systars of the individual 
cxwntries, each striving toward a ccmon gc»ai of nation-state and ottcrpting to 
overccme critical problems. 

, The fifth theme, called "Man*s Inpact on Africa," att^ts to assess the 
irprint of nan on the continent and provide an overview of the funOajnental spatial 
changes occuring, with a look to future directions. Drawing conclusions from ^ 
the first four themes, a ccntenporary baseline is developed as a rxa^uring point 
for evaluating future spatial trends. 

These five thcar^s are the frairework for our atterpt at curriculum re- 
evaluation, uTprovement, and innovatior in a field which we feel has been long 
bound by the shackles of troditional methodology. If recfionaj. courses are to be 
taught in geography departoents and n\ake positive oontrlUltions to geografiiy's 
developrent, they mist cJvmje. The thenatic structure is cxie forin^^uch change 
might take. Vte believe it brings to the legional classroom a new sense of rele- 
vancy and enables stiidents to envision, the geography of Africa eis something 
more than encyclopedic collection of facts, dutifully and dully repeated for 
every najor region. Ihen^es provide an irite^iating overview of the oorxtinent and 
its problems. Itjey also offer ^ set of specific concepts and irodels which can 
be applied in gnall areas and in case^^tudies. They furnish cross-disciplinary 
links to otl^ social sciences. Finally, and perhaps rrost Ijnportantly, they give 
students challenging generalizations set in an interpretati\/e framcwrk — general!* 
zaticn^which apply* in Lusdka, Abidjan, Dar es Salaam, or Rabat. 
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African Views and Adaptations to Iheir Eiiviraiinent 

A. Eiivirqpniental Perception 

1. The Perceptual Approach 
" 2. African Perceptions ^ 

B. Spatial' and Territorial Organization^ r 

1. General Systems 

2. Land Tenxire Systems 

3. Other Forms 

C. Traditional Systems^ ir^ Boologic Perspectives 

1. Cultural Ecology 
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" ' A CLL^RTIC MOCEL CF THE i 

EVERGLADES DROJGWT "'^ 

Linda Frosch , \ » 

University of Cincinnati 
•> * 

The Florida Everglades function as a natural water reservoir for the popula- 
tion of south Florida. A watershed oocnprising three Conservation Veas and 
the Everqlades ^tetional Park collect surplus roistuii for use by urban, indus- 
tJrial, and agricultural activities whose water demands have increased signifi- 
cantly in recent yprs. The moisture required to maintain the unique character 
of the. Everglade Wircninent is a octipeting deirand for water ^ch is derived 
fron the natural endowient of moisture for this area. The Everglades experienced 
droughts and danaging fires in 1965 and 1971, but there is scne ouestion con- 
cerning M>ether these droughts were natural or were the result of water being 
allocatet^ to himan uses at the expense of t)ie Everglades ecosystem. The nature 
of the cliinatic drought during these two years can be assessed by eNamining th6 
fluxes of ener^ and moisture ^^ch define the environnental deinand for water. 

v^ter balance techniques were erployed to model the nature of the ener^ 
and moisture exchanges o^xrurring in Conservation Area I from 1<^3 to 1971. The - 
annual precipitation regime, the annual moisture inJex, and the annual AE/fE 
ratio were graphically analy2ed to assess drought severity in 1965 and 1971 
Ihe analysis revealed that the climatic drought of 1965- was nore severe even 
though the 1971 drought u-ss perceived aa being the worst drought on record. 
The 197r drought was more severe than the" drought indicated by the cliratlc ^ 
model, and this suggests that the drought may have been influenced by the trans- 
fer of water for man* s activities v*dch reduced the proportion of the ocrmon ^ 
water supply available to the Everglades. This evidence indicates that water 
• managcnent schanes in southern Florida must consider .the potential uipact of 

water allocation decisions on the Everglades if this area is to be preserved. 

^The relatively flat and laMying peninsula of southeastern Florida, under- 
lain by porous lijnestone and capped with a layer, of peat, serves as a natural 
reservoir for surface water. The Everglades have developed as a prxxluct of this 
envirorn^t. However, recent urban, industrial, and agricultural demands for . 
vater are occipeting with the Everglades for the natural endowirent of noisture. 
Management of this resource rnust consider alternative schemes for allocating^.. , 
water among the ccnpeting demands. This cannot be accoiplished withbut under- 
standing^! he importance of water in maintaining the TDalanc<^of the ilverglades 
ecosystems' 

« The topography of the Everglades is characterized by a slope of only one- 

tenth of a foot per mile, and consequently is'a difficult watershed to manage. 
The Fverglades consist of 4,000 square-niUes of marshes and prairies which are 
seasonally inundated. Alternating dry and wty^ conditions are rQsponsihle for 
the formation of. saw-grass marshes so iiipcrtant in the life cytile of the , 
Everglades. During the dry season, the Everglades are o^ten swept by saw-grass 
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fires that my even cx>nsuTe the peat soil v/hich lies above the porous rock cap. 

Since 1940, southern Florida ha& experienced extrenely rapid growth in ^ 
urbanization and industrialization. As urban areas expanded to the west along 
drainageways on lands formerly used for agriculture, they displaced agricultural 
lands farther inland to the eastern edge of the Everglades [5;153. In 1965, at 
the time of one of the worst. droughts, agricultural users oonsuned about six 
^ tiroes more vtater than the other users. Irrigation use for agriculture is pro- 
j^pted to increase nearly two-and-a-half times by the year 2C00. In addition, 
increased population growth and tcurism place a greater stress on the water 
supply. By the year 2000, the fresh water desrands of Dade, Broward, and Palm 
Beach counties are also expected to increase one and three-quarters tijnes the 
aiTount consuned in 1965. 

Furthenrore these demaixis are seasonal, and during the dry season, rrost of 
this additional water oonsunption occurs [5/21]. Southern Florida's patural 
reservoir is dependant upon precipitation as the only rneans of water recharge. 
The rainy season, extending froip June to OctcAer, contributes abcut 70 per cent 
or 41 inches of the 59 inch annual total. It is during the wet season that the 
areas of standing water are replenished. The remaining 18 jix:heS are disti;^ 
Jxated throughout the other seven months as illustrated by Fig. 1 [2;3] . 

The ptiTpose of this paper is to identify the extent to which cliirate may 
be considered resi^Onsible for the 1971 drought. Through the eirployiDent of water 
balance analysis, the clinatic environnent of the Everglades is assessed in an 
effort to detennine its role in ^the* perceived drought conditicari. 

fflXm ARFJ\ 

The Everglades are divide^ into four entities as. shown by Fig. These 
. subdivisions are the Everglad<}s tiational park and three Vlater Conservatioi^ Areas. 
Fortv-^nine percent of the I^/ery lades rrvush lies within the three conservation 
areas- Withdn the Everglades tiational ParK there are approximately 200 square-^ 
" milc*s of th^> total 2,300 square miles of the^Everg lades (3;2J. 

The purpose of the oonservation areas in the Everglades is to store excess 
vater, reduce flooding during wet periods, and release water during' dry periods 
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,^to minijnize the .effects of drought. Thus, rvtnoff is delayed, and floods are 
red&«ed \n the urban areas by irpcundiiKj th^ excess water in the conservation 
^ areas. The stored vater is later available either, as direct releases throi^h 
canals or as seepage from conservation arias duriivj the dry seasMi. 

In order to study the prol^lan cn a smaller scale and to examine the conditionj ■ 
nore precisely, analysis was liitiited to Cc«servation Area I of the Everglades. 
Fig. 2 shows the location of oSis^ation Area I with respect to M>e tjther' div- 
isions of the EVcrglades. / • ' 

Data for water budgets were dbtained frar rtfcords of two v^^ather stations 
'located in the vicinity of Conservation Area I. Belle Glade Experunental SUtion 
is located northwest of the conservation area, and Loxahatchee. is located to the 
northeast. Due to the absence of a weather station within the conservation area, 
averages '^or temperature and perci^tation values of the two stations uxire used 
to dbtain annual water budgets for the area. 

METOXOLOGY 

ThomUwaite's water balance tecJmiques' 'were crployed tJo exanune tiie coinci- 
dence of ener^gy and moisture. The water budget is a balance between the inputs 
of water frcm precipitation and the outflow of water by evapotranspuation. Temp- 
erature is directly related to energy demands as, defined by the PK values, wtule 
the values of AE indicate the amount of moisture consurexi by eve^pstranspiration. 
A four inch soil moisture Capacity was used in calculation of tji* wter budgets. 

;UTalysis of the data is shown graphically using precipitation data, the 
moisture index, and the AE/PE ration. The precipitation graph. Fig. .3, reveals 
the 'amount of noisture available. This is the rroistiire endowment which nwst be 
shared betw£?en the Everglades and human activities. The annual variation in 
noisture supply is revealed by the graph. 

The noisture index values, as shown within Fig. 4, indicate on a broader 
scale, the classification of clirate bas6d on cliirutic criteria alone. In essence, 
the moisture index separates a region into either a noist or dry climate indepen- 
dant of vegetation^ soil,* or water resource characteristics (1:310 J. 



ERIC 



2e5 



20 





22 . 

^ ' *. 

The values given to the AE/PE ratio (Fig-. '5) nore .^3ecif ically 6&sL with 
the significant variations involving teqp^ture and precipitation. Piri\ 
be satisfied unless the necessary rroisture is available. . Using PE as 
ncttdnator of the ratio, it is only when AE equals PE* that a value of unity 
obtained. A value less than unity indicates a defecit in noisture. Ttirough 
the enploynent of this r^o, the nine years, between 1963 and" 1971, are ccror 
pared with reference to fulfilling ^ annual iroisture demands whpn oonsidera- 
^ ti3on of capillary stor2^e is included. 

anm;y5Is OF nftiA 

The specific years involved- in this study are the yeats prior to the 1965 
and 1971 droughts. Antecedent csonditicns are iirtjortant in determinix>g the 
severity of drought, and water budgets ware therifefore car|xited for the nine 
years between 1963 and 1971. . 

Ihe*graphs all* shew a similar trend in the nature of their values. The 
points of reference used in explaining the graphs are the highest value, the 
lowest value, and the average of these two, based on data obtained for the nine 
years. 

The graj^ of all' three parameters for 1963, 1964, and 1965, have a valxie 
lower than the average. Mthoogh the ^jSjVt graph of 1964 is above the average, 
th^s can be eoqslained by^ a closer analysis of the water budget for that year^ 
Hie precipitation values show there were only five nmths out of the regular 

-seven months when rroisture could not fulfill* the danands of PE. Eiut, the 
latter four ironths of 1964, wifh'the exception of October, show that there was « 
a general deficiency in precipitation. Leading into 1965, wit^ the exception ♦ 

♦ of February, there was. a five rronth period of moisture deficiency* Ihis 

explains the curiilati/c effect of iroisture deficiency which culininated in the 

• ^ ^ 

1965 drought. Although the yearly precipitation value for 1965 higher than 
either 1963 or 1964, it JLs evident frpr the analysis of the water budget for - 

that year that 48.3 irK:hes of the .total 56.8 occurred after June with only 

. \ ' ' • * ♦ , - 

8.5 inches distributed from January to May, 

* 

In surrory, this 1965 drought was* fcaus^ by a lack of iroistiore to fulfill 
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the demands placed on it as based on prior conditions to that drotght year. 

For the recorded drtx^t of 19?;., the precfedirtg years shjw evidence that 
the 4rtxjght occurred for the sane reason as in 1965, but the feeverity of the 
drought is questiCnable. Analysis of the annual precipitatioh values for the 
years of 1966 through 1971, reveals that the average for the iix years was 62.1 
which is 1.1 above the average vafue obtidned over a 25 year period fran 1940 to 
1965. ajt in following this same procedure for 1963 through 1965, the average 
precipitatlbn value wa/'52.3, which is iruch lower than any of the average over- 
all precipitation values, and eilso lower than the average \alues fox the yo^s of 
1966 through 197i. 

. Ihe oomparisori of the ;\E/PE, ratios for the years prior to 1^65 and 1971 
reveal lower values for 1963, 1964, and 1965 than those of 1966 through 1971. 
The yearly water budgets for 1966 throi^h 1971 edso shew that 1971 did not 
experience a greater moisture defecit than 1965. For exait^le, there were only 
six oon^utive months from Novorber of 197-0 ta /\pril of 1971 when rroisture did 
not fu^ill the PE Oatands. In fact, the noisturc indices of the years 1966 
through 1971 had generally higher annual values during preceding years than 
did 1965. Iherefore, based on the assessnent pf the cliiratic conditions, the 
1971 drought should not have been more severe than the 1965 drought* Ihe fact 
raredns, hcwevep, that fires raged for over four months and destroyed over half 
a million acres in the drought of 1971. FurtheniDre, authorities of thq Florida 
Flood Control District considered 1971 to be, the worst drought year on reoord 

Aialysis of the water budgets suggests that the severity of the 1971 drought 

vas not due to cliiratic fisctors. Attention must then be focused on other varia- 

bJes wh^ nay have cpnttibuted significantly to magnify, drought corx2itji<8ns. 

The combination of increased urbanization, industrialization, and population 

t 

rrtay provide a possible explanation. Brtcreasing allocations of water to these 
cu:tivit:ies h^sdecf cased natural runoff and has thus dirdnished the supf/ly of 
surface roisture to Everglades. Further rdSuctions in runoff to the Ever- ,^ 
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glades may produce recurrences of^droaght sinllaf to 1971 vhxdx are not the 
direct product of climate. Clearly, more adequate controls are necessary to 
the preservation of the Everglades eoosysten. 

, The author'^^shes to express her than3cs to Professor Marlyn Shelton for 
his assistance and encouragement. 
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A CASE snX)Y CP jya<E JTFECT StVfJ 
SriIALL PFBCIPrZftTiaJ in ijorhtj^ auo: 
IXMIVEB 22,^1911 

Frark Martin 
University of Akrcn ' 

^^^g^act ' ^ paper describes and analyzes the pattern of .snowfall that oc- 
^currod firin g an early winter snow squall in Northeastern Ohio, Snow accunu- 
laticn fiDcro this saw squall varied taxi a trace to rore than twenty-five inc^s 
in Sumdt and Portage Ocunties, A chronology of the developtnent and subsequent 
novenent of the sncw squall is presente4„ alo!>g with the oonfiguratuon of mod- 
crate and heavy sncw aa?indicated on the PPI scope of Uie Deoca.41 weather 
radar operated by the Ifational leather Service Office at the Aton-Canton Peg- 
icnal Airport. Also included is a brief description of tl?e meteorological 
ccnditions favorable for the developrent of snow squalls aix3 the effect topo- 
graphy has on these snow squalls' arid their intensity. 

It is well kncwn to roeteorologists that frequent and persistant snow sho- • 

wers and snow squalls occur to the lee side of all five Great Lakes fron late 

autum imtil late ^ing. These laXe effect sncH showers or snow squalls can, 

under the correct meteorologiccd conditions/ deposit as inuch as two to three 

feet of sncw on the inland areas in a single meteorological occurrence. The 

heaviest of these sncw squalls occur most frequently to the lee sude of Lakes 

Erie and Ontario. The squalls are usually associated with cutbieoks of cold, 

dry arctic air nvisses which move southward out of their northern Canadian source 

region and turn easterly as they move over the noithem Great Plains states. 

5uch a conditicn normally leads' to a large air mass-water terperature iiifferen- 

tlal, especially in the late auttimn, 6afly winter and in the spring. This air 

mass-water terperature differential, oanbined »ath a long over water fetch is 

capable of producing locally heavy snow squalla to the lee side of hjkea Hrie 

and Ontario as indicated by both Sheridan [7:393-395) and Wiggin {8:123-1261. 

The raost intense of these lake effect sncw squalls usually occur vhen a 

secondary .surface trough fonns to the vjcst and moves through the Great Lakes 

area and oanbines with the lake induced vertical fluxes of^^mortntiffn, heat, and 

vater vapor to produce heavy snowfall amounts [5i 191-192). 

Several climatologixal studies of total Snowfall frop individual storms 

as well as analysis of the total seasonal snowfall have revealed "peak areas" 

of sncwfall for both Lake Drie and Lake Ontario. On o seasonal basis. Lake 

Eric's "peak area" averages ^one hundred and. siscty inches, and Lake Ontario's 
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is one hundred and ninety inches (Fig. 1) . Most of this sncwfiHl is the result 
of snow sqvalls I6;2-3].* 

In this paper, an exaiqple of the variation in sncxrfall accimilation and 
intensity frcn such a lake effect sncw squall situation for a six hour period 
in northeastern (Mo is reviewed and a presentation of the fontation and sub- 
sequent novcment of the sncw squalls, as indicated by the three centimeter Oecca 
41 weather radcir located at the Akron-Canton Airx»rt Weather Service office, 

" is also included. The date of occurrence vos Noveraber 22, 1971; 

CAUSES OF LAKE'EFfECT SNOW SQUAU*S 
It is generally agreed by ineteorologists that the large sc8Lle synoptic 
situation which can result in the developnarit of^ late effect sncw squalls is: 
(1) an upper air truugh over the eastern United -States* which frequently beoocnes 
either stationary or broadens vto^ the west; {2; a strong flow of oold, dry arctic 

^^air across the lake following a lew pressxure center that has moved into eastern 
Cancida; and (3) a southward extension of the primary lew in the form of a 
trough over the Great I^kes [2:3] . The lake effect sncw squalls, when they 
form, cither haye a linear characteristic or are elongated eireas, oriented 
either parallel to the prevailing wind direction or parallel to a shoreline 
(3:7-8]. Overlake sijow squalls usually forni away frcn the*shoreline v^en the 
upper level winds are approximately parallel along the najor axis of the lake. 
These overlaka soualls usually first form as a single narrow line, and at 
tiJTGs, stream inland along the axis of the prevailing winds. Tlie squalls are 
nonrally two to twenty miles wide and fi^ty to one hundred miles long (3:8] . 
Conversely, the shoreline type of squall generally forms with a more north- 
wester^ wind flew and a shorter overwater fetch than is the case for the ♦ 
overlake type of squall [2:3]. Precipitation acccppanying the shoreline type 
of squall generally begins along the lee shore and nay inove inland as sevefal 

• short lines, or as a single line, frcm one to five miles wide and twenty five 
to fifty miles long. However, the overltike type of squall may change, to the 
shoreline type in response to changes in the upper level wind direction (2; 3]. 
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LAKE ER^'S r^W^ELT 

The snowbelt associated vath Lake Erie extends frcm the northern part of 
Sunnat County, C*^o northeastward through the len^inder of the state and across 
northwestern Pennsylvania into the cirea just south of Buffalo, IJew York. The 
lakfe effect snowfall in this area is strengthened by the orientation of the Lake 
along an east-west axis. prevailing winds v^ch blew over the Lake in turn 
caxase water vapor to accimulate from the open water. Nearly saturated air of 
the loMBT layer of the air mass is further forced up the osccirfment of the 
Appalacheiin Plateau. This forced ascent causes an acceleration of the adiabatic 
cooling, condensation and precipitation processes, thus resulting in heavy sncw- 
fall close to the lakeshore as well as inland. Studies of this type of oro- 
graphic lifting indicate that frccn five to eight inches of snowfall can be added 
to a Tnean annual total, on the average, per each ono hundred foot increase in 
elevtition 11:91. 

THE SNOW SQUALLS CF NOVE>IBER 22, 1971 

On NovGinber 22, 1971 the "0700E" surface analysis rr«p showed a high pressure 
ridge (103ftD.b.) centered over Lake Head, on western C^itario (Fig. 2) i^e clock- 
wise circulation of air anxind this hinh .pressure center ccrrbined with the counter- 
clockwise circulation of air around a very deep lew pressure center (982 ni.b.) 
located in the Gulf of Saint Lawrence between Nova Scotia and Newfoundland. This 
circulation conbined to produce a moderate' flew of air over northeastern C*iio. 

Shortly after nidnight (0015E) cm Novenfcer 22, very light sncw showers were 
observed at the Natixaial ^leather Service Office. The very light sncw showers 
changed to light snow showers at 0128E and continued .until 1138E of the Scsme 
noming. Total sncwfall at the National ^^itii€ir Service Office by 064 5F measured 
only one half inch. By 0630E, snowfall reports were received at the Vfeather 
Service Office indicating accumilation bad exceeded four inches in the area to 
the north and east north-east of the airport. Cuyahoga Falls, Ohio, which is a 
oontigious suburb to the northeast of Akron (Fig. 3) reported six to seven inches 
of snow on the ground, while the tx)rthem part of the city of Akron reported 
frcm itn inch-and-ar-half to a hdilf-inch. Stow, CMo, located only a few miles to 
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the northeast of Cuyahoga Palls (Fig. 3) reported ten to eleven inches on the 
ground. Kent, Ohio, just jto the east of Stow, had accunvdated eleven inches by 
0630E. The Lake Rockwell punning station on the f>ortheast side of Kent, reported 
an accuimlation of twelve inches at the sane tune (Lake Rockwell during the 
renainder of the day picked up another thirteen ixxrhes and reporting twenty five 
iix^hes on the ground by late evening) . Heavy snowfall varying from eight to 
fifteen inches was reported in the long, narrow line of squalls that extended 
fron southern Lake Erie through Rock Creek, Ohio into Slippery ItocJ^, Penna. (Fig. 
4) Reports frcn the Weather Service Offices located in Cleveland and Young^tawn, 
Ohio indicated one half inch snowfall at both stations at 0700E. The hydrologist 
fror the Weather Service Office at the Akron-Canton Airport, through convex satiun 
with road crews cjxl residents, determined that an excess of sixteen inches of 
snow was on the groimd at 070 OE at the intersection of State Foute 43 and Inter* 
state 80-S a few miles easttjf the city of Kent, Ohio. 

FORMATION AND MOVEMENT OF THE SNOW S0UALI5 
The two areas of sncw squalls were first observed by the weather radar at 
the tJational Weather Service Office at 2330E Noveii4)er 21^ 1971. At that tiine, 
the snow squalls were located off the south shore of Lake ^ie east of Cleveland, 
Ohio and off shore in the Painesville, Ohio area. They extended approxiirately 
thirty miles northwestward into the Lake (see Fig. 5) . The two lines of snow 
squalls began noving inland shortly before midnight. By OlOOE they had moved 
into the area outlined in Fig. 5. Once the sncw squalls had reached the out- 
lined area, they became stationary and raroined so until 0630E. Tbe two eureas 
intensified as they became stationary, but they changed ^^ery little' in config- 
uration throughout the period. ' The location of the sncw squalls resulted in an 
extreme snowfall differential observed in the. affected area. The c)utljj>ed sncw 
squall areas 'represented in Fig. 5 are those of moJ^rate to strong echo return 
as determined by radcu:, and verified by measured accimulations. As can be 
seen in Fig. 6, the areas which received five inches or more correspond well 
with the areas of mcxaerate or strong echo return on the PPI scope of the Decca 
41 Wtoather Radar at the Weather Service Office. 
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OCMCLUSICN 

It is evident fran the preceedijig description that the .type of snow squjills 
""that oover^ tH; stu^* crba vxarc the c/erlak^ tife in origij^. Supportixw r»rth- 
westerly winds were only mqjJerately strong, but they were intense enough to 
push the sncw inlamd. Howevec .the* wihds were not strong enough tc^^overcoie the 
ftdLctipnal drdfc; the physiography produces, and this condition resulted in a 
stationary squall an extended period of tirne causing in the vjreot varxa- 
ticn of snowfajj/^served in the Akron 'area. This type of snow ssgualL situation 
is pot* unu^l in sctne parts of northeast^sm Ohio, nanely, f rorr the pastern 
suburbs of Cleveland eastward and norti^stward into Pennsylvania, itovv^ver, 
snow squalls of this intensity do not normally extend so far to the south Ror 
are. they so strong as they were on Nov^r*^ 22, 1971. * 
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INSOIATIOt* CXrWTE AND URBAN TOPOGRAPHY 

M. L. Shelton 
*" University of Cincinnati 

y^stract ; Enecgy exchange processes of urban enviroiments are significantly 
infli^enced b%- the physical structiaes corprisirig our cities. Modification of 
natural energy fluxes creates a true urban cllrote ^vhich is a function of the 
presence of the city, Iftule considerable progress has been achieved toward 
understanding the macro-scale energy systort of urban enviromtnts, nony questions 
concerning micib-scale energy Quxes in cities remain unanswered. The quin- 
tessential energy input of climate is solar radiation and knowledge of the , 
quantitative and dftatributional characteristics of insolation is essential for 
understanding the enittgy system of the city. * . , 

Measurements of ^otoi radiation near a west facing vertical wall wore 
carployed to examine ha\&solation receipts are nodified by urban structures. 
The data revealed a dir^t relationship between insolation a^id increasing 
'vertical height and increasijftr perpendicular distance frar the base of the 
wall.. Post-z^ith glctoal radiation was ijost intense at the v^l, which rec- 
eived 91 percent ot its total insolation after 1300 hours, but the influence of 
the wall disappeared within six feet of* the wall. The intensity cf the post- 
zenith insolation did not ocrpensate for earlier shading, however, for a point 
fifteen fdet,frcn the w?ll received mre insblati^ than any rneasur^ point on- 
the wall. The wall ^Tt ground level received only 45 percent of the expected 
insolation for a ccn^virable horizontal surface, and a point six feet hi'^h and 

- f ifteen^^feet *frcn the wall received only 78 percent of the expected coTount. 
These suggest that steep gradients in hsrizcntal and perpendicular rucro- 

^ insolation climates of cities may Be confined to the iim^diate vicinity of 
urban structures. 

Urban landscapes are a ocnposite of insolation'clunajfes. "Latituictilt 
or th^ earth, and the slope and aspect of the surface exert the najor gcx^ixjt- 
rical controls over the ainount of insolation received by a particular site"* 

* ^ 4 

(8tl4j. The influence of these controls is cortplicatod by the buildings and 
iTultiple-ltvel surfaces of urban areas which present a oorrplex, thrco-clint-nsicaial, 
geccnetry to inocrung solar radiation. Hnergy exchange processes of urljan env- 
ironments oonsoqiiently are inore ogrplex than energy exchanges clk^racteristic^of 

• surface configurations in the natural landscape. " > 

The TTVignitude of potential surface 6xpc^ures associated with urban topo- 
graphy c-ontrasts narkedly with conditions found in the natural. landscape, urban 
landscapes are conposod qf structures with a variety of shapes and orientations. 
The walls and roofs of Ix-ildi^ngs function, as a ntize of reflectors which absorb 
soine of the insolation they receive and direct nwch of the rona^er to other 

"absorbing surfaces 17:15). Almost the entire surface of a city is available 
for receiving insolatidh,.an:l this is a significant factor wtien consirlering 

jenergy fluxes associated with Structural features of urban topo&raphy. 
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Hie conversion of the natural landscape to the artificial city-scape creates 

ROdifications in energy and npisture fluxes ant^. produces a ti^ urban clinate 

vihich is a function of the presence of the city. Consiilerable effort in urban 
•I 

- cliitBbology has been devoted to defining the nature of changes produced by 

, " • .' . 

urb^zatio^, and examination of diffeifences between urban areas and rural areas 

- has been the pf^J^ipal focus of these endeavors. Many studies have relied on 
traditional parameters, such as air terser a tore, precipitation, and huuidity, 
and arq illustrated by the work, of Landsberg, Geiger, and geterson [5;4;8] . 

Recent studies by Bach and Patterson and by Terjuj^ [1; 11]? have denionstrated 
a ooncem for the energy balance of 'urban areas. Such studies reflect an in- 
creasing aw^eness of the necessity to understand the input/storage/output 
ocTvonents of the urban energy system and its influence on energy fluxes at the 
.eeu:Xh-atix>sphere interface. Solar railiatiOTi is the quintessential energy input, 
and'knowledge of the ouantitative and 'distributional characteristics of insolation 
is necessary for duciadation of. the energy system of the city. MeasuresreAts of 
globbl radiatiofri on and rfear a west facing wall were eirployed in the^ present 
study to^;e5famine the pattern of^ insolation inputs associated With a oomnon I 
feature of urban bo^xgraphy. < . ; * * 

GLCfiftL RM)IAnCN 

The ccctponents of gldaal radiation f^^^ived at the earth *s surface are 
dirixrt solar radiation and diffuse^ sky radiation; their sunmation is knc^ as 
global radiation. The percentage of each coiponent in the total radiation ' 
received by an area varicS primrily v/ith astroncK'icjiJ,, geographical, cind inetoo- 
rologicql varial-iles and with Vi^ryii^ atmospheric contamination (3] . The incident 
angle at v4iich this radiation reaches the surface of the 'earth is governed by: 
/jeograj^iic latitude, solar dec?.ination or tiir^ of the year, altitude of theV 
sun or tijnc of hay, angle of the slope, and surface orientation of the slope. 

A horizontal surface has been taken as the reference plane for the descrip- 
tion, of insolation in general, and it is therefore a sirqple gccmctrical pr<*lem 
to translate frctn the hcriisc-ntal refcitence bo a sloping surface* The anxxjnt of 
direct 6olar radiation /received on a slope is equal to. the product of the 
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radiaticn received on a horizcntuil surface aiVi the cosine of the angle between 
the solar bearr and a line perpendiculcir to the sloping surface 110], 

Determination of the diffuse sfcy radiation^reaching a sloping surface is 
extranel^ ocr^Alicatod and is dependen^i^pon cloudiness, atnospheric turbidity 
and the al he c V) of the surface material. C*i a horizontal surface, diffuse 
radiation for an average clear ^sky is about sixteen per cent of the total rad- 
iation when the sun is high in the sky; and about thirty-seven per cent of the 

total when the solar elevation is about ten decrees (21 , 

t 

Calculation of insolation on urban structures is ootiplicated by the slope 
and orientation of building surfaces. Both direct and diffuse isolation 
receipts £tre influenced tjy the ninety degree slope of walls, the foatititle of ^ 
surface orientations!, anc^the yaryiii^ height of ^iildings. Measurcn^ts of 
• insotatiwi are needecj to sjssess the full iinpacft of these variables on^uisoiation. 

Global' radiation may be measured l^y us^ of a pyiMLnan6ter wfijl^ senses ^ 
solar ri*diatic«n received ftcm^the whole henusphere on a hori2ontally oq.os^ud 
siurf ace. The measurement qf global rocUatiEn requires crily j bora 2untai:-sui'f ooc 
receiVbr .senslt-ive to sfcrtA^ve raclia:tion. ancl a suitable reoibtering appaxatus,*' 
GMcefft when the radiation ocrrp^nents are to be measured indeijenUently. 

The i^st facing wall, of a solitcury concx^te building in Carbondale^ Tll- 
urxjis, was selected ^s- the 'site for measuring the insolation ruOTbclinote of , 
^n Lurban structure. The wall was, fifteen feet high, ooqtaifii^d no windows, ^<4nd 
had no notew>rthy surface irregularities. A, certter section of th^ wall approx- 
imately ciqht feet wide was unobstructed to the ■west, and it not' af f cx;ted by « 
shading after the sujft £jassod the zenith. The terrain iimcdiateljj to jthe west of 
the wa>l was a relatively level grass surface clippcxi lavm height, ' ^. • 

.Mc^asurcfTTCnts of global radiation were tAken ort May»^5, 1969, at thirty 
ninute intervals betwco^i 0545 and 1945 fwurs Central StancUrd Time. A Dinrihim- 
Sauberer ^tar pyrancmeter was enployed to dotect the intensity of insolation, «" 
Tttis instrument is a^thirty-tvvp junction tifermopila devic<^ eriploying eight white, 
and eiuht black copper plates altemotely uTtunted in the form of a star. 
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Radiation intensity is r^easured by the electccroti^re force di^erence between 
the wBmlng of the black or radiant heat [ilates and the white or ambient teirp- 
crature plates as indicated by a potentictreter. 

Measurewents with the star pyrancireter were r«?de at the vdXl and at points 
. Ii§rpendicular to the wall every three feet to a distance of fifteen feet fron the 
\4all* The perpendicular measurements were made at grcund Ifevel, at a height of 
three feet/ and at a height of six feet. Fig. 1 is a graphical representation of 
. these 'data for the measvirerients made at the three foot level . 

Irregularities in the curveS are due largely to cloud affects at the tiine of 
the reading. The sky was generally clear on this date, but occasional clouis in- 
fluenced sane reewiings. IXiting the early ixtming, em overcast or haze condition 
prevailed but it dissipated, between 0815 and 0845 hours. 

The vdill shaded the study area during the inoming and the influence of the 
obstrviction is clearly revealed by the graphs. At any particular tlst^ before 
noon, global radiation increased with increasing distance frcm the wall and also 
increased, for a specific perpendicular distance, as vertical height increased. 

Thef changing role of diffuse radiation as a ccr^jonent of global radiaticm ' 
can be observed, especially for those locations neeir the wall, prior to 0845 
hours. Vlhile the haze condition prevailed, nuch solar radiation was scattered 
and consequently irore of the insolation was represented by diffuse radiation 
whidh arrived equally froir all directions, was less influenced by cbstructicns, 
and reached all surface orientations. IVhen the haze dissipated, locations shaded 
frcra direct solar radiation shewed a brief loss in insolation intensity in re-; 
sponse to the reduced contribution of the ditfuse ccrponent of gldDal radiation. 

Soon after noon, but varying with the vertical height, the glclal radiation 

at the wall exceeded those values measurcxl at perpendicular distances frorr the 

wall. This condition prevailed until 1815 hours when direct sun rays wore no 

lOTgcr reaching any of the measureinent points and diffuse radiation was acjain 
* 

dominant. 

\ 

The influence of the wall in reflecting solar radiation is further observed 
by the character of the insolation measurenents away fron the wall. At all 
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vertical heights there were basically three insolation levels after noon: a 
naxiiaxn at the wall, a slight decrease at three feet awsy, and a consistent read- 
.ix>3 for distances between six feet and fifteen feet away frcir the wall. The data 
suggest that the influence of the wall in increasing global radiation did not 
extend beyond a perpendicular distance between three and six feet. 

Global radiation at 1200 hours was estimated by averaging the readings for 
H45 and 1215 hours, and the results ares shown in Fig. 2, 'ihese values reveal 
the decreasing influence of the wall as an obstruction to the receipt of direct 
radiation as vertical height and perpendicular distance increase^ The values for 
1315 hours, which are also shewn in Fig. 2, disclose the^ ret lective influence of 
the wall in increasing the insolation intensity near ther^Sall in the afternoon. 

Table 1 shows the langleys per hour calculated by averaging the 30 minute 
readings and nultiplying by 60. Hie total langleys received at the waif and at 
fifteen, feet from the wall for the three vertical heights also appear in this 
table^ The wall at groond level received significantly less global, radiation 
than any other location, and 91 per cent of its total was received after 1200 ^ 
hours. * . 

Following prjjfcedures suggcisted Jay List [6] ,^ calculated global radiation on , 
a hDrizontal surface at tliis latitude wxdd be 855 langleys on May 25. The 
percentage figures in Table' 1 show the relationship between ineasured values and 
expected insolation on a horizontal surface. The, wall at ground level^ received 
only 45 per cent of the amount expected for a fully exjxjsed horizontal surface. 
The maxijTun receipt rpeasured, the point six feet high and fifteen feet out, was 
only 78 per cent of the expected amount. 

Prediction of global radiation received on a sloping surface is dif ficwdt 
due to the variable influence of diffuse radiation. Direct solar radiation qn^a 
sloping surface can be estimated, however, with the equation: 

V ' V^p^ ^o cos B 
where Ip is the radiation intensity on a given slope, \^ is the solar constant, 
and B is the angle between the solar beam and, the normal to the plane under 
consideration (10; 39). 
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Table 1 

Average Hourly and Itotal Daily Global I^adlation for a West Facing 
Vertical Wall on May 25 (ly/hr) . 

CST Ground Level . 3 Feet High 6 Feet High 
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Sclvisii^ this aquation for the west facing vertical wall at 1200 hours 
yielded a value of 0.7 langleys per minute. The val*je deri^^ by averaging the 
measured insolation was 0.77 langleys per rrlnute for the ground level measure- 
nent at the wall. This, is a difference of 10 per cent and it co^jld be accx)unt- 
ed for by diffuse radiation and reflected radiation frcm the wall. Values 
measured higher on the wall increased and indicate that the obstrvx;ting effect 
of the vertical surface decreased with height at this latitude and at this 
time of year. ^ 

EVALUATION OF RESULTS 
These iiata sy^gesh that steep gradients in »insolation nicfocliirate ma^ be 
^ confined to the iirrnediate .vicinity of urban structures. Perpendicular grad- 
ients .observed at the vrall were not identifiable at a distance of fifteen f^et 
from the wall. These conditions may be a function of the height of the wall, 
however, and additional testing with different structures is needed to identify 
the precise nature of energy fluxea in the vicinity of perperidicular surfaces. 

Measurements of insolation at different tijnes of the year are also needed 
before generalizations cao be fonoHated'oonceming ertergy fluxes associated 
with vertical structures. Conditions near adjacent urban structures should 
also be studied to ^etemine whether buil<?ings hpve overlapping zones of in- 
fluence. Diffuse radiation reflected frcm adjacent iwildings migjit increase 
insolation inputs significantly and thereby diminish the insolatijon differences 
observed in this study when huildings are jtbctaposed. 

The urban eiwrgy system is driven by insolation. The present study only 
suggests the type of research needed to understand tlie rolfe of this ocr^jonent 
*ift urban energy flux processes. Txtended periods of observation and study of 
conditions* betiAteen buildings^ are needed. The insolation microclimate of urban 
^topography represents a crucial ccr^x>nent in the urban energy balance, and in 
our Understanding of the causality of urban climate. 
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, THE STFIiCrUPE OF GROGPAPHY: 

A REVISED VEPSiaj ' 

Larry K. Stephenson 
University of Cincinnati * 

Abstract ;* The initial atten?5t to .order the spa tied organizational ajpsroach to 
geography, under the label "the structure of geography," is felt to be so highly 
siiiplified as to be of limited vedue. Tlius, a new, revised versiwi of the struc- 
ture of geography is proposed. This revised versiwi is thought to more closely 
approxinete the approach of geographers. Of particular value in the new version 
IS the specification of the difference between spatial pattern and structure. 
Ihe general structure of geggrafdiy presented is ccr^rised of four ccfficeptual do- , 
mains: 1) spatial data, 2) spa tied pattern^ 3) spatial structure, and 4) spatial' 
synthesis. " ; * ^ 

A definition of geography sufficicaitiy general to be acceptable to a major- 
* * * ? '. • * 

ity of geographei*^ mighty be: Gfe6graphy is concerned with the spatial organiza- 
tion of phcncnena on the earth's surface. This ^finition, it can be noted, i^ ' 
not focused upon a particular data fet but> rather on an approach involving the 
e^a^anation Of spatj^al distributions. Edvin Ihcmas, in work associated with the 
-High School Geography Project, has atter^pted to order this spatial organization- 
al approach by explicitly stating what he labels a "strud-ure qf geography." 

( 7*j. "piis structure (Fic,. 1) notes the intellectual paths fron the basic 

* 

building blocks of geographic facts through spatial distributions to regions 
areal associations, and spatial interaction. Scale is utilized as a variable 
^entity, capable of being changed at any step in the rethodo logical progress by 
tl>e process of aggregation or subdivision of areal units. 

It , is believed that Ihcmas ' structure of geography, while useful to a deg- 
ree, is too highly siJtplified. Ihe revised structure of geography presented here 
(Fig. 2) inspired by Thomas' earlier structure, and is felt to more closely 
approxijmte the spatial organizational ap^^roach of geography. The fo Heaving & 
discussion, based on Figure 2, atter^ts to provide a ffamework withiin which nwch^ 
of the gedtjrapher • s activities can be profitably viewed. 

SPATIAL nATA 

Initially, it is assumed that there exists a reality which is external to 
the geographic c*)Server, and thdt it is the spatial organization of this reality 
4iich is of partiqiular interest to geographers. There aie tvAO rtrclarerital way's 
of ordering portions of this reality so that geograp^iic information can be 
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fig. I - A Structure oj Gw^rophy {from Ihomas, 1964). 
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asseibled, { 5:240 ] In one, tbe geographic observer scans the reality, focusing* 

on those topical items in which he is interested. In this way, the geographic ob* 

server acts as a fxlter which selects, certaon ^tracts from reality and allows 

• ^ 

the!?e to pass through while preventing others frpm passing. For exair|:le, an urban 
geographer interested in the condition of housing in an urban area wixild. allow 
information about lev^Vvof physical deterioration, plarbix>g facilities, rental 
levels, etc., to pass^^jgh hib 'filter while rejecting infomation about the 
condition of retail stnxyres or the average nutfcer of autcmobiles. The gcograp- 
her is thu s selective about the topical itgrs which he wxShes to examine , with 
tl^s selection based on hypotheses Suggested by theory. After the topical itops 
of supposed iiqportanqe ate filtered through the observer, they ajfe f urther passed 
through a scale filter which assigns items to stcindaridized areal units. The 
screen of this scale filter is of course variable frar study to study; hcwever, 
"for any sii>gle study it -is ideally of the same gauge. 

The second manner of ordering geograf*iic information is perhaps the more 
traditional one. It involves the, use- of the scale filter as the initial filter- 
ing device. This is acocnplished by setting the scale filter at the desired 
level, and allcwing information about that desired' level to pass through. The 
geographic observer then acts as a seoondar/ filter, selecting those topical items 
at that particuJar scale which he feels are worthy of farther consideration. Ttds 
is the general filtering proccsdiare ^used in regional descriptions. As an example 
of the results of such a filtering process, consider the recent description of the 
Colorado Plateau rendered by IXirrenberger. [ 4 ] . His scale filter was set at 
"the Colorado Plateau;" and he originally considered a vaiiety of available in- 
formation about this area. ' For formal consideration (publication) , however, lie 
selected only certain topipal iteins, nariely those reflected in his article's 
subheadings *t * ' / 

These two ways of ordering geograj^c information are' admittedly idealistic 
when considered separately. In actual crTpirical research geographers oscillate 
back and forth between the two. In the above example about urban housing condi- 
^-ions the researchea: initially decidal upon an urban or metropolitan scale, while 
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* * » 

for His Colorado Plateau study Durrenberger nost ;iJ:ely held cto^iin notions 
abcut the type of inJormation.in which he was rost interested. ( 6:98-99 1. 

The overall result of the above described filteriiw procedures is the ao- 
oimlation of selected tcpical-areal bits of in/ormation which can be called .geo- 
graphic facts. These geographic facts ^can be defined, following Iharas { 7:134 J 
as those "facts which refer to the rfiaracter of a place or the quality or guan- 
tity of seme phencmencn which occupies a place at a given tune." Once <*tained, 
these geographic f^ts car^ be further ordered utilizing the concept^ of spatial 
distribution, which is defined as "a s et of geographic facts representing the 



beh^ior of a particular ftecnenon or characteristic of many places. [♦7:137 J." 

•Hk spatial distributions or^ sets of geographic facts that geographers • 
are most ooncemed with are of two dAtincUve types,, which are here labeled* uni- 
polar and bi'-polar. Uni-polar ^txal distribution can be thought oC as vector 
• ^ descriptors of a set of places. For exarple, an ecc>rKmc gecigrapher nught be ' 
intferestfed in the percent of manufacturing enploynent by county for a particular * 
state,, a spatial distribution vrfiich could be considered vefctorially. (A vectot 
can also describe the Icxatjon of a set of places, sUch'as for point-pattern anal- 

• yses.) « ' * , , ' 

Bi-polar spatial distributions represent dyadic flews between a set of 
areas or nodes, and can be conceived as n by m matrices, whero n is the nurter of 
origins and m is the nurber of destination areas. It can thus be se^T^^t these ♦ 
dyadic flows ih matrix fonrat represeijt a type of ^tial distribution since they 
represent thp "bc^vior of a particular pbcncn^enoo, . over space ( %:137 J. A 
♦ ^ social geographer, for exarrple, nught be interested in the origins and destina- 
tions of migrants between counties in a state, a set of flows which could 
considered in evn^trix contctxt. It is also possible to view flows as uni-polar 

* ^ spUial distributions, ^t only if .the total outflow from or in-flow to an area 
^^is considgired. A vector could be constructed, for ex0r^>le/ depicting the-total 

outflow of migrants frtm each county in a state. However, such a vector would 
not describe the ^destinati<>n areas of thepe migrant outflows; for this Jtask a • 
notri« representing the bi-polar spatial distributions of migrants between 
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^^cx3untles is need^. ^ ' . 

SPATIAL PAntRl AND SPATIAL STHJCIUPE 

" . / ' ' 

A major disti^Tction betwe^ uni-polar and bi-^lar ^tial distributions is 

, that uiu-polar distritutions serve as input to studies of spatial pattern, whii^ 
bi-polar distrilxitions serve as input to studies of spatial structure. iSiat is, 
eadi of the tvo t:ypes of spatial distributions leads ^to a different typQ.of region- 
alization. Uniform regicns, contiguous areas hanogeneous with respect to selected 
variables, aije based upon uni-ptolar distributions. Functional regions, occiprised 
SL^^^^ ""P^Q interaction with one ^jnotj^r than wi^th an^ other areas^ are 

based upon bi-polar distributions. Thus, each of the two general types of regions 
recognized by geogrc^)hars is associated with one of two major geograi;>^ucal con- • 
cepts,. spatial pattern or spatial structure. 

The framevyork presented here represents a contribution to geographic method- 
ology for it notes the conceptual difference between spatial pattern and spatial 
structure, tvt> terns which heretofore have been used sctiewhat interchongeabiy. 
Ihe need for a*distinction between the geographical concepts of , spatial pattern 
and ^tial stnx:±ure is evident when it is noted that analyses of uni-polar dis- 
tributions are focused on the areal units themselves while analyses of bi-polar 
distrifcuticns are concerned with the^ e:q5licit ^tial interaction between areal 
units. Analytic studies of spatial pattern usually concentrate on hypoUieses 
dealing with distances separating individual areal units, densities, and orraiKjc- 
nents such as dispersion or concentration, while simil^ investigations of spat- 
ial structure test hypoth^ical notions dealing with friction of distance, volune 
and frequency of flows # and priniary linkages between and among the «ireal units. 
At least part of the difference between spatial pattern and spatial structure is, 
then, iiitbe nature of the qucstionsf asked and hypotheses tested, 
i SPATIAL SYOTIIESIS 

Tlx)U9h eonsiderpd as separate and distinct concepts, spatial pattern and 
spatial structure can be linked thix>ugh the notion of spatial synthesis (see Fig. 
2). Ilarvcy [ 6:129 ) has recently fbted that "The inberacticn between flows 
and<woyeiw)nt' on the one hand and spatial pattern on the other may well emerge as 

1^ , . . 58. • , ' 



•a ^ocal-point for a «ew Xind of geographic synthesis." It is argued here 

that this ^tial synthesis is not^new, only a partxcAdar c^ierationaliMtioh of 

it is. Two general types or^txal '^thesis can be 'Identified: 1) Infonndl 

synU^is; and 2) TOrmol synthesis. Ihe first of these is one which geographers 

have traditionall> usedv and involves utilizing spatial structural findings to aid 

in understanding and explaining spatial pattern, and vicb versa. For exasiple, the 

^ uni-polar distrituticn of ga/goline service stations in an urban Area wight be 

' better understppd through a Cjonsideratiorv of urban tra'ffic 'flows. Ihe tem irr-'. 

forml ^tial synthesis is used here to indicate reliance ypon logical, verbal 

stateria;)ts and the iraginalicn of the researcher in the synthesizyig procedure. 

Tho"^feocrx3 type of , spatial synthesis i^ relatively new to geography^ art3 

is labeled formal spatial synthesis due to its reliiince oa formal statistical 

and mathematical techniques. (It inay have fx^ this type of syrtt^sis to which 

Harvey alltded.) To date, application; of formal spatial synthesis has been ^imt- 

. ^ « *' 

cd. i3erry»s ( 1; 2:3; 8 ] general field theory of spatial b^vior is perhaps 

t * * 
the snpst publicized, although there are also other exan^Jles dealing with this 

problem. Berry's approach basically in^colves canonical correlation of an attri- 
bUte matrix (a s^t of uni-polar vectors) with a *behavior -matrix (one' of bi-jplar 
flews) ^ As shewn by Berry, this canonical correlation .afppfoach provides quanti- 
tative statenxsntp ot the^ relationships, between spat^ial £^ttem and sj>atial struct- 

* ^ '' ' * . 

ure, thus allowing conclusions pj be dtown ooi?ce;ming their intofdependcnce. 

' ■? 

• , CXtJCLUSlCW' 
^ Itie revised structure of geography discussed here is pcmpriSfed of four 
Veijor conceptual daT\ains; 1) spatial data, 2) spatial pattern, 3)" sjJatial strvict- 
ure, 'and 4) spatial synthesis, l^e f jxst dtials with the collection and ordering 
of spatial inforjnation to obtain gqpgraphic facts, a procedure which provides *. 
input^^into one or the other of the second and "third dcrrains, spatial pattern and 
spatial structure. Explanation, if defined broadly as'"any satisfactory or 
reasonable answer to a^*Why* or /Itow' question X 6; IJlN.*' is explicitly consid- 
ered in this revised structltre and is represented by th6 fourth and last dbrnain, 
spatial syhthosis. fto ^ittprpt is rrwie h^re» to incorporJate all options of goo- * 
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graphic explanation but rather thb purpose is to show the explanatory value of 
eitJier spatial pattern or ^tial structure, given the other. TtMn this fi:amei> 
warH considers a sequence of geographic methcdology f rati observation to explan- 
ation., ^ J * ^ * ' - 
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POUOf IMPUCATICNS CP TOE DKTRIBUnCN OP HAMILTCN OOUNIY, GHIO 
PARKS USERS ^ ' , 



* S^iiz and vtolf Itoder 

V tfniversity of CiDcinnati 

Abstoctj An Analysis of Aroal Distribution of Hidlton County Parfc Ustttt 

Jf '^S'^^JS^ distributicn of users of threeHinU.' 

S^^J!!^ ^ Mi&td-«iitewater Fbrest. 

*.u^ iJf^ hypotheses were proposecl initially. Ths first hypothesis states that 
S^t^^r^v^"^ ^ HamUtc^.Cbinty, that ^the^Kh^^"^' 

states that park users originate chiefly frcm the high' cJenk^Tareas .of Se cdtv 
and tarns. The third hypothesis suggests that the piks att^cTus^s irai^y 
frcra the nearby neighborhoods. irainxy 

r.,.*i!?^^ afternoon a sarqple of autonobile license plate 

nurobers collected fran various points of each park, ejcclu3ing the golf- 
S^'i ^1^^^ ^^^^ ^i^tial location of tonilton 

^Jr^n^i^ ^ i^"^ "^^^^^^ ^^ddresses were not^ ^JTth^ 

iLS^ort^^r^S^ u^!^ ^ tte park to the place 

Histograns^o^ user distances stowed that distance is a factor determining 
^ It^^.^ ^JS*^ that duo to residential density differences Sharon- 
Mxds and Wiiiton Woods were able to draw tore than 50 per-ent of the users fron 

t i;IL"^i! ""^"^ Miami^ltewater Forest required a nine mile 

radius to iroet the same percent age. 

Nurbers of park users were corpared to the various township or county sub- 
unit populations fran v*ience they originated. * 

.J^ rtaatoer of autorobiles (one autcnobile = one user) 'per park was 

divided by the Hamilton County population of 924,018. The resulting ficmre 
begime a ^fuide point by which the wans of the subunits were placed. The 
suUmxts consisting of means above the county nean were divided into two groups. 
The sane was done for the group falling below that moan. 
^K.^"^ nunbers of users originate fron the subunits with means above 

thcM: of the county, the remainder of the users originate fran subunits below 
the county mean* 

L i^esultlng user pattern are by no means clear, but thes^ <»nclu8ions can 
be town with some certainty from the sttdy: (1) ^ parks being used by all is 
at best a weak pattern; (2) the parks being used by those fron high derSity 
areas, ^pecially by inner city residents must be rejected; (3) the parks are 
mainly Ofeed by the neighboring suburban papulation, thus functioning^ large 
neigl±orhood parks. This hypothesis is strengthened by the pattern of out of 
county users. 

The study is ooncerrted with the areal distribution of origins of users of 
three Hamilton county Parks, and the duplications this distribution has for the 
finding of this public servic^. As a service to the inhabitants of Hamilton 
County,- the Park District receives a three per mile share of the real estate and 
property tax of the county. In addition, it raises revenue through a $2.00 
annual car sticker or a' $.50 dally user's fee. Several years ago an attai|>t to 
raise the tax share of the Park District was defeated by the county voters. At 
the time many concern^ indiviAials felt that this defeat was caused by lack of 
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publicity for the park issue and poor voter turnout. As a result, the question ^ ♦ 
was fwt to the ballot only a year later wath considerable effort to influence the 
voting public, only to go cicwn in defeat a second time. Tliis paper is an attaint 
to identify the users of the parks on the assurption that this may allow scce 
assessncnt of v4io oughi to bear the costs. * g 

Three hypotheses can be proposed initially. The first states that the poriU 

. serve all of Hamilton County equally and that all residents are potential users of 
one park or another. If true, this hypothesis would justify equal distribution of 

__the qoste through^ t^^ second hypothesis es^ects that users -originate 

heavily from tjp inner city of Cincinnati and other *high density areas otherwi3<J 

^poorly served by park facilities. Wis model could be used to justify parJilaxcs 
as a welfare measure for the poor and those not serv^ed by other it^iciily accessible 
parks. The third hypothesis considers that the City of Cincinnati is, well providtjd 
with pork space / and expects that park users originate piedauiriantly fron suburban 
towns, many of which are otherwise poorly served by public open spaces. The 
location of the county parXs (Fig. 1) indicates that the third hypothesis wowld be 
in accord vath user distribution on a gravity model as well. 

'toe parks 

1^ three parks considered are reasonably evenly spaced acro&s Uie nurtliem 

half of the county (f'ig. 1). In addition, the District operates a srvjll nature 

preserve and an as yet not developed park in the southwestern port of the county. 

,' \ ^ , . . 

Each of the three park^ contains a golf course and a imn-made lake and offers 

piCTicking, fishing, boating and overnight canning facilities. 

Clawson (21 has suggested a three- fold classification df recie^ational t;arks 

based on accc&sibility^istance and attractiveness-size criteria. He sees the 

^smallest parks as neighborhood parks (essenticilly city parks) with only local 

, drawing fx^«r; a sm^nd level park as larger with regiaial drawing powe£ corparable 

bo State Ptirks; with] the largest porks having a nciticn*il attractiveness f<*r users 

frcn a wide region (National and Icurge State Parks.) * 



/ 



Ihe couhty park 



J in this classification fall between the first and second 



size class. In Cincinnati they oorpctje with an unusually large City pork (Mt. Airy 
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Forest) which is on the same order of acreage, but lacks a lake. Man-made lakes* 
hs Harper (3) has shcwi, are necessary for recreational areas of regional attrac- 
,tiveness because accesss to water and a shore are perhaps the single nost versa- 
tile recreational units [4 J. It is therefore rot unexpected that the nearby 
oaT|)eting Ohio State parks each have' a man-ftade lake as the centers of theax 
attraction. For most Hamilton County users the state parks are 30 to 50 nu.les 
' distant. 

Provision of facilities underlines the intermediate nature* of county parks. 
Golf courses and ball playing f idlds aim at the day and part-day user, vtiile 
provision of overnight' camp grounds indicate the expectation of visitors from 
further eifield. Whi^e lakies and boating are more typical of- the state pexk, 
heavy user pressure dictates restriction to raital boat facilities in tho^case of 
these County Parks, a policy more typical of city park facilities. 

THE'DAITV * ^ ' 

\ e 

The user origin data are represented by three scarries of license plate liUttjers 
recorded from cars parlced in various areas of ''each pork. Golf course parking 
areas were systematically excluded on the assvnption tjiat these represent a 
special, most liXely local and habitual sanple of users. The data on twp parks, 
WjAton Wbods and Miami-Whitewater were acquired simultaneously or\d warm Sunday* ^ 

^afternoon in early Cct<^r 1972. The Sharon Wbods sample was gathered the 
following weekend. • ^ ^ 

^Ihe residential locatican corrcjs^on^ing to the license plate nuittjer was idcriti- 

*fied from^'a 3ixectory [4} for Ilamiitcn County lisers. Thes^ Joc«itiori6 ate display- 

Ttd in Figure'l. 

EXAMINATION OF TTiE DATA 

Table 1 displays UVe proportion of users originatiS^ in Hamilton County /or 

J' ' 
each park^ ^ It is a tribute to the regional drawii)^ power of the patks that 

f ^ ' . ^ 

thirty to, forty per cent of user vehicles iri each park originate outside of the 

county,' although seme 6f the3e may represent recer.t in-migrants not y^t listed 

•in the ^directory. " ^ ^ 
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CHamiltcn InOiai-a and' 

' • * * Area in County Other Oh£o Other States- Itotiil 

Pax5^ ^ <^ Acres No. Percent" No. Percent No. pj^rcent No.- 

Miawi-rtiitewater 1,955 59- 52 44 ^39 10 9 > 113 • ^ 

Winton Wbcds 2,045 166 69 74 ' 31 - ^ 240 

Shjtrcn VJbQdtf - 740 86 ' 60 , 49 34 8 6 143 

" ■ ■ . • ^ 

A coiposite graph &x all three parks of itotor vehicle frequency by distance 
to residence in Hamilton County is presented in Figure. 2. This frequency 
histogram sinews thd distance effect clearly and is in conformity with a gravity 
cnodel distriJtxition of users. Most users ccne from near the parks with user 
frequency decaying rapidly with distance. For the individual parjcs this relatiori- 
ship differs. While Wintcn and Sharon Woods draw more than fifty per cent of 
tfjeir users fnon within a five mile radius, Miami-Whitewater requires a radius of 
nine miles to meet this percentage. Itie *cont,rast is instructive because Winton ' 
^Mxds lies in the center of the northern and northeastern e^qansion of the 
.Cincinnati suburban b^t, agd Sharon Hbods lies on its edge. Miaftd-Whitewater 
draws users heavily from the nearby arall town» of Harrison and its Indiana twin, 
but is" separated f rm the main urban cctrplex of the county by spars^y occijpied 
tppcg£'aphy. ^ " » ^ 

Considerable effort '^vo^ dlxpended to calculate park users as proportions of 
the total populations of minor areas ^ of the county (nimicipalities townships) 
and to'fcatpare tliese figures to average usei» per capita of Hamilton CdLnty. 
Ihe results left the authors dissatisfied' because of the snail size of thp 
sanplc, giving a single user fron a sniall municipality a disproportionate effect. 
Suffice it to indicate* that the City of Cincinnati, including the nost densely 
populated area, was tmdeprepresented^ among poxk users, while nearby suburban y 
towns provided the heavj^isst ^hare of users. A careful examination of Figure 1 
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corbined with a knowledge of the population distribution of Hamilton County will 
confirm thi§, insight. 

COJCIUSICWS AND IMPLICATICNS 
Hamilton Couaty parks are riot equally accessible to all users in the county, 
nor do they serve preaoroinantly'the inner city or the underprivileged. The 
distance effect of the gravity model is reaffirmed in that the parks serve 
mainly the us^s originating in the surrounding suburban towns and nearby 
areas outside of county, in additiwi the parks exhibit sere regional 
drawing power in^ocnpetition with nearby stiite parks. ' - ' ' 

To the extent** tiiat the suburban tcwns represent middle incoie'* families, 
^ levy on all tax payerS represents a^subsidy to fese middle class users, 
and especially to those suburban towns which have failed to piovide park facili- 
ties of their own. For those able to pay, the user's fee appears to be a more' 
eqiJitable way ©f sharing the costs of the parks, In this regard then, the 
voters appear to have had a clear understanding of theu own financial interest 
in voting down atWitional taxes for the parks. ' 

A case can be made for re<iuiring higher user's fees frop out of county 
residcaits. Charging them the same user's fees rnust be justified on grounds of ' 
hospitality and reciprocity rather than' equity. 

The help of David Headley, Michael iiengehcld, and RichanS ftospens for qather- 
Lng data and independent evalaations is gratefully acknowledged. 
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m< TCW^S: GREEJIBELT, MftRyiANT) IWIKTY-FIVr lEAPS LATER 

David Brennan 
Kent State University 

Attract: Greenbelt is one of three federally planned, developed and financed 
.new tcwns created by the New Deal. ^V^^or features of the Greenbelt Rlan are: 
(1) a girdle of green space encxrclijig the coiminity; (2) residential cluster- 
ing withing superblocks; (3) traffic separaUon of autos and pedestrains; and 
(4) the development of a ocrnercial-institutional-recreatitonal core. 

Viability of the plan was evaluated on three bases: (1) unity whereby 
specialized activities are integrated into a unit; (2) flexibil:ity ^ch 
accccintxlates change; and sir^licity v^ich prcnotes flexibility. 

The greenbelt is an effective buffer betw^ adjacent areas, but 'does not 
separate it frcn other* towns. The econcfUY of the original plan ranams; however, 
pe^nal social uiteracUon has declined. Traffic sepaiation continues, but 
needs modification. The size a^ function of the core have increased, although 
structural deterioration and atamercial corrpetition have undermufed the Amiabil- 
ity of scne functions. Greenfi&lt hhs rerained a vj,able caimunity because the 
plannuvg process has atteirpted pD rraxunize the potential of the original plan. 

Throughout history man has^ ^sought to better his living condi,tions. This ' 
search appears to arise frcrci liiscontent with the present ard anticipation of 
providing for a better futiire. A nanifestation of this desire is the planned 
urban conr*jnity in which man rearranges the landscape* to satisfy his needs' ard*** 
aspirations. Anerica witnessed a number of such cominities, including 
New Harmony, Pullnvm, ^kidbum, and Greentelt. This paper assesses the viabil- 
ity of Greenbelt, Maryland, as a 'planned oorrtpunity by focusing attention on 
use, oormercial development, and spatial interaction within^the oomnunity. 



EVALUATION AND METIJC^DS • 
As mnn has beoane more urbanized, he has ,s6ught bo develop cities with 
si^atial order. Today's plans treat the city as an entity corposcd of many 
subsystems. An ut^rtant measure of a plan's effectiveness is its viability. 
This aspect of the Greenbelt. Plan is evaluated on three l^jses: (1) unity ' 
or ccnprehensiveness whereby numerous sf^ecialized activities are mtegratccL 
into a unit which -is port of an urhan system; (2) flexibility which accarvty 
dates social, econcmic and technological changes within an existing or planned 
framework; and (3) sijnplicity which promotes flexibility within the original 
plan and fosters perceptual clarity of the cormunity* 
^ Data were gathered by means of a questionnaire, personal interviews, arch- 
ival sources, nwnicipal records and housing records. A stratified randan 
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, ^sainple without replacertent based on ciwelliiig consVructicr. was used to obtajji a 
taxoet sanple'of ten percent of the 1668 households. Those not respcndirjg after 
^ tW5 visits were eluninated frccn the study. Data Viiere analyiuxl to find trends and 
I provide qualitative interpretations. 

i ' < HISTORICAL OVEFWIEW , * ^ 

CSreenbeJJt is one of three federally planned, developed and financed new towns 
created by the New Deal. These towns ewe their existence to I^xford Ti^well, a 
marber of President Hb6sevelt*s Brairf Trust, wha first Proposed the nevv town 
concept, in 1935 [1], In the sametyear, Ooi>gre3$ passed the Dnefgency Relief 
^ Appropriations Act and the Uational Industrial kxxjvecy Act [6] which enabled 
the goverrwent to purchase rural land' seven miles northeast of Washington, D.C. 
for the dev^loprenfe of Greenbelt [2] . The Green Tiowns program wes Uen transfer- 
red to the Resettlement Administration m the Departnient of Agriculture. After 
development, the oaTptinity was operated as a federal housing cooperative until 
1953^ when it was sold to the ccmunity. It has since operated as a private 

. , cooperative. The origined ocmnunity represents a srall and declining pruj^^rtion 
.1 

of the larger city of Greenbelt. 

Green, Towns evolved frcm three planning ccxicepts: (1) the garden city as 
desi^ied by Ibenezer Howard [3) attemfjting to deluieate a conprehensively planned, 
■^1^ self-oontaine^ balanced new tcwn surrounded by green space; iZ) tlnL nei'jjhl'AJihood 
unit plan developed by Clarence A. Perry [5] consisting of a c^trally located 
eloPentary School, scattered neighbor huod parks and playgrounds, 3hoj:s located on 
• the periphery, and the developrent of an hanronious residejitial environment 

foster^ by careful architectured , traffic and service planning; and (3) the ^ 
Radbum Plan developed by Clarence S. Stein (6) and henry Wtight v^ich focused * 
. attention on the sv45erblock m temped to decrease the amount of land devoted to 
streets, separate vajjiiAis types of traffic, provide additional sjiace for neigh- 
borhood parks, and promote social interaction. 

UWD USE 

. Greenbelt is situated astride a io^/r gently sloping crescent- shaped ridge. 
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encircled by green space* (Fig. X) / The ii^tent of this open space xs- to establish 
a non-urban buffer to separate towr^, prA^ent crowding- and eliminate urban sprawl. 
Similarly, it irproves the cxxmwnity's identity by setting it off fron surround- 
ing areas. ,It also functions as a watershed to decrease surface run-ofif and 
prevent erosion. Thisi in turn increases ground water storage and decreases 
the potential flood hazard. Becailse of its proximty to residential areas, this - 
natairal greenery provides an opportunity for nature study, walking, cycling 
and playing. In recent years, the greenbelt has been, encroached upon by housing 
and apartinent developments along the scuth^ periiretert Greenbelt residents 
have banded together to prevent higher density developiEnt, but they have net 
with little success since the zoning and planning funct^ions were transferred 
frccTv the nwnicipality to the county, ftoreover, the original planned ccraamlty 
reprcfscnts o^ly abdit tvvjntj^ percent of the city's 35,000 people [7], 

Careful design and layout of drainc^geways, streets, parks and pathways 
promotes advantageous residential siting, porticul^ly in the south-central 
area. Thus, tte plan attar^jts to iPinimize enviromental problene and inaximize 
the potential of the natural landscape. Two separa^ phases of .construction are 
clciarly discemable* OccupailCy of the masonry strucrtures located in the well- 
planned south-central portion of the oorrounity took place in 1937, while the 
wood frame dwellings in th? poorly conceived northern and ^peripheral areas 
were occupied during 1941 (4) . ' 

Along the ridge are superblocks, each five to six tifres the size of a 

typical block which dontain approxiirately 120 dwellings. Cluster developniEait 

of ^row and t^wn houses was used y> oonkiination with courts to concenti^ate ^ 

I. 

residential devel<?pn^nt and provide additional open space for p£»rks. Parks 
with neighborhood playground oquiprent have been strategically located wi^thin 
interior areas to maximize their Use and ininiini'ze the traffic hazcurds. Several 
playgrounds in the northern areas are situated bn comers arrf represent a 
/^fety probleri. Bconcmies of scale are gained through residential concentxa- 
tion of utilities, parking, garbage collection,' mail delivery, ^ other 
perviCQ^. This schane ^Iso redaces the space needed for^treets and utility 
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rights-of-way. . ^ , - 

■i , 

The southern and central resi.!entuil areas form 6 seni-cxrcle around the 
ocmerciza-instituticfial-rGCreational c»re <Fig. 1), Bnidiately adjacent to 
the ocrrunity's'.nuclous^is a hi^h ierisity apartirent areai Zoning has restricted 
' non-residential develcpnent to this nuclear core. An open nail, ei:ementiucy 
school, library, nmicipal building, »indoor recreational center and najor 
outdoor recreational facilities are located here. A seaand elcnentary sdiopl 
has been built on the north side to acconfWate the po^laticn o^^nsion in* that 
area. The offices of housing cxfoperatdve and an additional service station 
are situated on the southern periphery, Vtteteas churches^ dispersed through- 
out the ccmiiinity^ Ihis core area, although purple ui* ^sign ar>3 function, 
unifies the ocmmnity, >brecn/er, the, streets and pathways reflect. and reinforce 
ihxs dominant function^ of the cor'b area (Fig. 1) , * , - ^ 

■Vehicular separation is accorplished by means of a sysbcn of ij)terior path- 
vays connecting tesidential areas with open ^ces and the* core area. Several 
arterial streets provdde direct access to the core and plis;tribute local ^traffic 
to and from resident icil- feeder streets, * ^ . ♦ 

When Greenbelt was originally developed, it, was isolated frhn other ' shopping 
areas by scne distance. At this tine, the. commercxol center included ^ super- 
!rarket, theotef, dry clcaAer, garf station, pharmacy, variety store,; sho^. repair, 
barber shop and hair dresser (2) » Ttujse functions were designed to meet the 
pceds of the local population and not to secure a more extensive market. With 
tine, additional functiops were ^^l^aed, including a cafe, financial institution, 
recreation center, and aroke shop among others. - TbdAy, the center offers fewer 
goods and more services, especially those he used \x\ 'a ne^ professional building. 
Because the shops ore. few in number and' ^11 in size, they offer few special- 
ized goods and corrpetij against one ajnotiier by einp4.oyiri9 ext*?nflive inlxed nerchan^ ^ 
dising'technjqucs. The theater offers 'the hWst order function and appears 
to be d^lining. In recent years', the ccntJf: has lost scrne of its initial * \ 



advantage of bei«g isolated by virtue of eifepandiiig urbanizatiin, urproved 
► * * • * 

'adc^ a^d Irxareas^ oqipetitixn. Althcwgh the'dbrd is ample, its flexibility 
^is limited because of its snail self-oontain^il narket area, inadequajbe expansion 
I aod iim^^ aocees.* Moreoyer, many -people eJ^areSsed neg^itive attitudes 



mjor ocnmercial expansion . 
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A service road provides easy coe-way aocesrs to'^the front of the mail for 

' ^persons ninning err^pdSj and oarly rnoming truck deliveries. Additiorallyv 

there is free parking available to the rear of ^the mall which also serves the 

otiier institutional «tnd rocSreatia:^^ funct^joos _1^2^^ted nearby (Fig. 1) . 

Ihe noil, is arranged^ minimize unneoessary traffic and make^ it cxxiv^tient 

for shop|>ers. Thef open trail w^s innovative fo: its^Lune and oontinues to fui>tcr 

a small town atartJpphere by ficrving as an infprn^ meeting place fo^ nwriy of the 

-^rcsid^its. . • " 

^ OriginaljLy a lew inccitie area, to^iy irost 6rccnbelt families exceed an average 

annual income of $10,000 [7]. This wculd gcen to pccvide greater cariDercial 

opportunities: however*, the automobile withi the help of conbrollcxl access high- 

ways has detracted frcn most of the increased potential. A::cessibility to the 

core area for Greenbclt resiJeii^ is generally quite good, except for persons 

living on the north side, npst of whar shop eJtseivhere* Persons living uutside 

the original developrent find jtheir access to the center inhibited by the urcen- 

belt, non-residential land uSbs and liiriflxl access highways. These factors 

perpetuate oomerci^ isolation, increase £;erceptual' clarity and rain tain tcrmj- 

uniti*uni'ty, but ^ftvcrly limit ocmnercial flexibility and growth. 

Ihe mall is in need of rtaintenance, especially the sidewalks wfdch arc uncven 

and the b^UIding exteriors which are out-of-clate^^fed deteriorating, fitter is a 
H' 

problem'. .Although not serious, it docs give the center a poor image. Although 
cycling is prohibited, many yrxjngsters continue bo ride through fho moll or 
4.eavo their bikes in potentially hazandoiis places. Ihus, viability of, the mftU 
la reflected ixx part by its docjining physical appearance. 

^ Tho Grecf^lt PI A was dcsigwsd to develop corrtmity coheaicn by providing 




I efficient internal transportaticn and prcrotmg personal social interaction. 

The annular street and p^th^'ay networks focus on the ccrrmunity center, frfuie 
* the court arrangcnient and superblccks pi^te ^he physical ana social be^ses 
for d^elcpi/ig nblghberhoodsi> 

street patt<im consists of two artefial roads parallelii^ the ridge 
and ^^ven connecting cross streets at 600 'to 80O foot intervals. {Fig. 1) . 
This systen prov^ides f lexpsility and ease of novenentr to the camercial-institu- 
tiop-itsreational core for residents located in the south-central part of the 
ccfmunity. On the north side, distance and more limited access inhibit lave- 
ment td the nublear core. Moreover,* a^unber bf attenuated cul-d^-sacs with 
nultipie iiiner, courts increase parking and traffic congesticn. Ttere appears 
to be unitjj and flexii)ility in original south-central developient; however, the 
"newer" northside ana periEd-^ral areas are inere/appendages to the. cormunity. 
Thus, the initially siinple d^iqn has been pre-^jited by other social and economise 
considerations. ^ 

Initiaily there 5*as no cn-street parkirSj; f»w\*ver, additional parking has 
prcJvided by extending the street right-of-«a^s and triniung lots. This 
'apparent flexibility ha^ had several effects on the ccmmunity: (1) traffic 
flow is slower, encumbered and hazardous; (2) street naintenance is rore 
difficult and expensive; (3) sidewalks are needed, but additional spece is 
lackipg; (4) the principle o^ traffic separation has been partly^ discarded; 
and (5) tho^| orice pristene appearance of p)G cammity has fadod^ into the past. 
Flexibility has "been maintaijied at the €»cpcnsc of unity^ ^ simplicity. 

An expensive, sy^tcr^ of interior pathways^ with" a minb<ir of street under- 
passes sepsMrate pedestrians frcm automobile traffic (Fig. i) » In t}ic well 
planned south and c(s)tral areas, path-^ys ar6 better designed^ ' nore natcrous 
and solidly ^constructed, while the northern and Tx3ri{jheral areas consist of a , 
few, poorly, laid out dirt* paths. 'ToBay the systcr is rapifely bcccrmy? Obfiolete 
tor a mhrtex of reasons: (1) increased autorrobile usage; (2) reduced carmerQial 
pedestrian traffic;' (3) poor sidewalk arxJ hcrlge maintenance; (4) route circuity; 
and"(5) a decline In inter iojr park use. As a result, the pathways are dcterior- 



atin^ structxxrally, becpning fancjjonally obsolete and overrun by vegetation. 
The cxxtitunity is r>c^ cmsidering the possibility of irtjroving the pathway system 
and including it in a more extensive bikeway system. Ihus, the original systan 
ray t» considered flexible without depreciating its siirple, uniCyino function, 
in Greenbelt, the houses face the green^»ce. the interior arrangerwit 
, orients pqjrsons away from the street by placing the Uvij^ roorna and patios on 
the interijor sidie, with bathroctns and kitchens, on t>4' street side. This, ccnh- 
b^ned with the physical and social cSroxiitdty afforded by the dwelling arrange- ' 
inent and ocurts system, creates a pbtenticd bases for social interaction. 

The origijua residents of GreenSelt were screened acoorQing to incote, relig- 
ion, and cooperative tJttitxxJes. Thia Arought together people who were financially 
and attitudinally similar, t«t religiously niixed. ^forGOVcr, screening provided 
a broad fc»ase of 'support for the msby neighborhood and cairunity participation 
programs initiated by the federal government. 

lt>e physical design and social programs in the original Greenbelt connunity 
provided numerous opportunities Xor persons tg develop a variety of social 
contacts. With time, many of these programs have been dropped. Siiinilariy, socio- 
eooncrdc chanefes have discouraged social interaction. Itie snail tavn atnosphere 
wt3!bh cripc prevailed in the ocnraunity continues to doclLne as it is swept up In 
the growing f^ace of metropolitanism. ♦ 
* CCNCLUSiaiS 
(^^reel*elt may be considered viable on the basis of exhibiting var^in^ Jeijiees 
of uWity, siiiplicity and flexibility* The land use patterns, 'particularly in the 
soutji-central poirtion of the ocmnunity, fonr^a well integrated unit. lUe orii^inal 
plan allwed for considerable flexibility; however, scn^ of the original surpli- 
city t»s been lost, 'the greenbelt has proven to be an effective non-urban buffer 
, between townS/ and. although 14: does not ccr^letely separate it frcm other towrts, 
^it'does qive the ccnmnity a sense of perceptual clarity and unity. 
, The size and function of the core nrea haye increased with time, moeting the 
;.^^jnji<iinai needs of- the cormmity, altliouyh exterior Jeteriuratitn and carmcrcial 
^ corpfetitlun b>ave uKkmnol'tlTg^ viability cf sc;fno .functions. The connorciai core 
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rernains sutple and unified, reflecting its snail "captive" trading area. 
Flexibility is liinited by^ size and nature of the camiunity and the core area. 

Flexibility of the ^npvanent systems have been rade at the expense of 
tratfic S€ipardtion ant^ incroased safety hazards. Similarly socio-ecGnoiPac 
chaifees have reduced sqeial interaction, Ihus, the once physically and socially 

cohesive occnunity has beccne more ocqplex and less unified. It is readily 

* ' ' t 

apparent that the northern and peripheral areas have suffer^ frxxi ix»r plan- 
ning,* v^ile the southern and central eureas have temained viable. Greenbelt has 
refrained a viable canruriity, although, planning has shifted 'to the county.' In' 
the end, it is not whefW the plan itse^ is viable, bu't rathsr v4iether 
planning process can njoximze fehe viability of the plan. 

The authcc wishes' to indicate his aj^freciation to br. Bart J. Epsi^nni 
under whcrn the research was conducted and manuscript prepared. Any Errors 
or cnigaicns contained herein ratlin solely the responsibility of the author. 
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ROHAN PCftDS ,C1F BRITAIM ^ * . ^ 

' . C. Hughes ,^ » \ ' 

' . University of Cincinnati ^ ^ * 

^^i^'^JS^ 5^^^^ ^ tKe'l^is in their British province V»s 

constructed for strategic, administrative,^, economic purposes-. The purcMe 
varied with £he stage oEdanination reached: ^ an area bei^^if!ed^te^ 

JS'^^^ '^^"^ ^ "'^^^ administraticn, vhl^SsS^^lad^ to 
the roads to utporve caimmications and trsQe/^ ^\ 

oonterrporary inethods of apAlysis to descrii)e' and ccrpare 
elem^ts of the Rcoan road network in Bri^in.; >!uch of Britain remain^^e^ 

to^rt the ur'ban pof^ations ortS 
l^^rt\Jt^ ''f ^ff v^e ^less svnpatheS to toran rulT 

^^'i^^n^T^^i'^'^-^ ^ ^ l^sTsettlereftts^^c^d * 

develop in the highlands grev up around the fOrts. , 

^ ;/p^^ffer^e in develoEinbit and ^jbleifent is reflected in ^the structure 
of the road mitwork. "I^ ^oads in the §cjitheilt and 'tfiose^wSeHre^^ 
The structures of the netv^rks and the S^r^gctivity of the Sdwi^r^S^^' 
ate contrasted using grai^ theoretical raea^es and njethods ^ ' 
*iv ^ '"^ Officially approved r6ads of th^.^Rdt^m Eiipire* were desctil^ed on -the 
Antonine Itinerary, ;^ich detailed the routes ^adrdss the piwiifce"^,^ with- the • 
r^,H for <=hange9 of hor^, or lodging, <^Aparly indicated. * .Wre 16 such 
routes in Britjain, ft)mung a highly effici^t.set.of connections th^Uink all ' 
the ma^or towns and/tribal capites! ' IDi^ roite system is analysed b? ^loth 
aUy^S^^^^^ ^ ^"^^ oarpbnentvof the whole road netwbrk ard its funct^ion- 

^ '^^u?^^^^ ^ apt^h to a Jba'tter uhd^^tahding of o^Wirary**^ 
networks by meaAs of a ccWicoh^th forpter ^'stons and alsb indicates how 
^historical ^pography may W fux^red by |he use of , such tf)eoretical KetiMs' • 
as j?9twork analys/^ , • . . ' ^ ^v^^s> 

*• * • V . • * ' * * J . ■'^ *. M 

^.-^ This'paper is a study «Jg tlje netwDi^t bf tonan rbad^ constructed in the 

pr^lnce of Britain frbit titty ti^ ^ 'its ccf)guest py Aulus Plaqti^ in 43 , 

\S^l the iniddle^p£ the tltjlrt! century. » ffte frequent collap^ of central auth- 

ority 5nd increasing danger of Saxon raids after about A.D. 250 it^ it unlikely^ 

tha^ nwch road 'cofistiucticJn was i^ertaken* after* this datfe'.- ' 

^ Ite use of quantitative t^hnique9,4rt historical studies^s relatively 

new: Pitts tl9Lused network analysis in a^ study of the rea{ accessibility/ of • ~ 

M3s^ on the kissian ri^^er roat^, and VroOder florRai*ej<aniined the spacing of 

Rcrn^ settlements in Britain using central plac^ j:hoory., Wusejiif such ' * " 

quantitative inethods.is important for two rcasciis. Firstly^ 'the ^^thods thenn ^ - 

selves can be tested ' ondcar conditions diffeiring fr«n those of the present or \ 

the recent past. Such testing will reveal ,the,effects.of exogenous variables ' 

on the methods and ^els used, enabling the reiroval of bia's. Secondly, the ^' 

USfj of more riijoroas methods wiH^pemit more information to be extracted from 



lihe d4ta examined, Ihis will permit the testing of .assirptiona and rela^ov- 
wiUch at present go-unquesttoned! . . ^ * 

Por exarple, Pitts* study shows that several other towns in 1?us3ia,were 
more accessible than Moscow, and yet, did not achieve the sane irrortance. 
Indicating that accessibility was not the cnly or the najor factot at work, 

- • ' - * ffirar-PORPOSB - ^ 

The preaent stiidy examines the Reman roads of Britain with a view to showing 
that vdthin the network, whidi contains six thousand or more/niilos of rojd [13 j, 
ocTfjjnents can be distinguished whose propertiea reflect the different. purposes 
for vdiich they were built. Garrison and Marble [8 J suggest that seven g^ouRS of 
fdctprs influence the final form of a roaid network: 

IL General eooncmic develc^xnent. 

2, The natural envircment ^ • , ' * * 

3, Hie location of 'econcmic activities^, , • , » % 

4, Available .techiwlogy' and its, ctost 'structure. 

* 5. The interests and prefetery^es of ^ the decflsion jrakers, 

6, Military 'and poliCical influences « ' , ' ' * 

7, ^ Hie histor^bal pattern of develbprent, - • • 

These factors are all of inpDrtance in the developnent of roods in firitain, 

hut It 'tfust be? noted, that the Bcmans entered a land in whidi^ the level of econoruc 

developnent v«a very low, eooncmi^ Activities*, were mostly ubiquitous rather than 
• i ' ^ , * 

sporadic,* and thcf road^ were for the most part unengin^ered trackways, Ihe 

♦ i" ' *^ * * 

road builders had a tabula rasa on which to develop their roads, with no previixts 

system to follow and incorporate, a feat possible to no subsequent road builders 

in Britain. ^- ^ . ; 

A*'t^ various factors influencing thd, fom of the V^twork dianged, thb set- • 
tlerrent pattern changed also, Ihe settlerents wcare also part of the acirinistra- 
tive structure, and the^ relative iirportance in the system may be inc^iaite^l by 
their accessibility Cn the road networjc, 

the extent to which the network oon^nents differ from each other in tenns 
of connectivity, redundancy and the relation^ips of the settlenents they link 
will bQ exsanincd, as will be the indicated relative importance of the towns in 
terms of , their accessibility, , *, 
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T!IB POWJ ROAD sYsrm * 
* 'The Purpose of Rcrran Roads ' ,* ^ ' * 

The Reman roads in Britdin are ^described as having been "laid out as a 
carefully planned s^fe ten linking the centres of occupation, both military ahc5 
civil, to ever^' neighbouring .centre, so as to ensure the nost "rapid comunica- 
tion possible** [14-:11].'* It is significant that the "major builder of roads was 
the arny; the julitary ijrportance of good cctnrr^cations was fully realized 
by the Ramans r ' - , * 

Ihe first roads constructed in B^itdin and northwest Europe v.'Gre tlx)se 
fcuilt in response to the military requirenients of various cairpQigns of cCJhquest. 
After the native populations had been pacified to scrte extent the legions 
could nove on, leaving the roads to the civil authorities. ' The road network 
wrv5 then altered to suit changi:^ needs, with seme roads falling into disilse 
and others being built or ^<t^,7(.>tU ■ 
The Develorment of th6 fibads in Britain 

uiK?n rlautius landed at Rutupiae in A.D. ,43 with four legions (see Fig* 1) , 
the apparent objective was the conquest of the southeast lowlands of Dtitain. 
This area was the richest, mpst productive and nost civilized part of the is- 
land. The dcminant inhabitants were of the same txxbal group, as those of ,U» 
new Roman province of Gaul, ahd had aijnoyed Rome by aiding their relations in 
their resistonce. The legions iMjcded to put a 'stop to tliis interference were 
to based in Britain, bbth to yet than out of rainlarvj Hurope, where they 
'would disturb the balance of power, and to ma};e sure that the extra troops 

* - ' n ' 

W5«jld ho paid for oc^t of the Vc-wnues of a ne,v province. 

^» 

The invasion was carried ©ut b^ a triparUte advance (4:8^-127), after 
the prelijTunary securing pf a beach-lsead„^he II Augusta', led by Vesi>isian, 
took in the sotithi and Govjtliwest as far as Jsca DunnoniorwJ. The northwest was 
secured by the XIV GetninA: starting* frqm the T^kl^(?s,'" near tlie site of Ixjndihium, 
thfe line^of advance passed through Ihe site of VeruLiiniun into the territory of 
th^ Catuvcllauni and on to the area around Venon<ie. The fX flispania advanced 
from Gmilodupum, which had been captured by that Icjion, and the XX Valeria 
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Victrix, which rarained in cainp there to control the rain Eelgic settlen^t. The 
" IX Hispanla moved nurth to LiixKiP, *h€^e a legiorkiry fortress ( castrtm) was buil^ 
in the territory of the Coritani, controJlin^ a future line of ac2vance. ; ^ 

These iiiitial advances of the legions gave vital structure to the road systen 
of Honan Britain. It is litely that ccnstructicyx of the najor tmnk routes pro- 
ceeded as the legions advanced [1:37; 13:382]. Pour routes radiated fron the 
* vicinity of IxDndinitm, leading"to\he later pre^inence of the city in the 

affairs of the province 120761] . I^fee four routes nay wiell rejporesent the lij^es 
of advance of the four legions, with the route fron Lcndinium* to Glevim repreis^t- 
ing the later advance of thk XX to build a castruna for the consolidation of the 
southwest and the contairment o?>h»..£ilures and OrxJovices. 

Ihe oonquest of Icwland Britain was rsjbid and resulted in the acquisition of 
a new province for Rcme. 'A deep frontier a6ne was established along a l:)(ne 
frcro the Burrber to the Severn, It is widely aoc^>ted that the well marked rcutet 
running fron Isca Dimncnionxn to Lindun was the lateral cxmnun^cation, line ber ♦ 
X ^ hind this frontier (Figs. 1 and 2). The fact that this route was not of very great; 

in|x>rtance in the later affairs of the province would seem to support its having 
been, built for a specific an^ transitory purpose (1:41; 4:ll^; 20:38]. 

The conquered area developed rapidly; by A.D. 49 load mines of irendip - ^ 
were exporting [20:56], and in general trade was proceeding well. .'Hie town^ too 
were growing fast; in A.D. 61 when the Iceni revolted they found and burned the 
'flourishing towns ^t Londiniun, Vcrulamiun and* Caniilodunun. 

The dcvelopuent of the lowlands led to iJie rapid developrent'of the. road 
network .bO serve the new trode and the flow of taxes. However, the very prosper- 
ity of the area led to the need for a furt^K?r ad^lrance. 
► The Rdrans, as with subsequent occupiers of Icwland Britain, found that in 
order to control their possessions they had first to control the highland Britons* 
Aided by the rugged terrain, the highland tribes, especially the Qrdoviccs, 
Silures and Brigantcs, gave the Bcnans a far norc difficult task than those of . 
tb6 lowlands. The Romans decided to build a systan of rood^ through the hills 
with garrisons at strategic points to split up the tribal <iroas and provide a 
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serifes of bases in case 'punitive action stould becoie necessary. 

under the second govenor, Ostorias Scapula, and the third, Suetonius 
Paulinus, a sdries of attacks w^e node cn the ^elsh tribes. Legionary 
fortresses wfere established at Deva and Isca Silunirj, vAiidi ranained _Ci«;upied. 
until'^Ste final withdrawal of the legions. ^, ' * 

The Brigantes, the largest aftd most troublesdVe tribe, were ^ subject of 

many expeditionary forces. ,a nd many roads were built thjrot*^ tOieir ^m^^ 

* ^ * *■ ^^^^^ ^ 

t in attcrpts to subdue than. The garrisons .in these areas were a*4^ii5^ the 

resources of thd province, although minerals extracted from the P^^^^ 

helped restore the balance. The other eooncmc irportance of tto area, .was its" 

'supply of sheep and cattle. Despite the snail degree 'to v^iidi'the legionary 

diet depended on moat, leather was used in 'large ar^ts, as was w5bl. 

A Aew gastnn was built at Eboracun by Uie IX legion. The advance frcro 

this base hroughl the Scottish lUghlands into the^erpire. Ihe Antonine wall, 

in the lowlands, narks the real northern litnit of Rone's power; but through- 

out most of the occupation'* the practical limit of the eqpire was IlaS^ian's vail, 

beyond which there is little evidence pf penranent settleneht. - 

The "fewns and Aininistration > 

: ■ — — r- / t 

The towns of Ronan Britain were largely the result bt the tonan ackini^ . J 
traticn, sited along the roads representing the advances of the"(legions, Ihe « 
tribal territories were, made into civitas or aciriinistrative cantons, and the 
nost^ inportant settlement within the civitas was designated the caput? These 
settlcncnts were the najor towns of most of the province and were in many 
cases the market centres for the tribes (10). 

Ohere were four other typos of settlement in Reman Britain, ihc mixnicipiun 

\ r . ' 1 

vas the most' inportant ari4 the rarest; only Verulamiun is believed to have had 

this status. Tc^ rnimicipiiin was self-governing and had many privileges. Slight- 
ly Icwer in status v^s the oolonia , a form of settlement set l4> for ffe tired 
le^ianaries, wfio were supposed to. set an'oxarrple of, loyalty and industry to the 
local pOfxUation and provide a nucleus of trained men in an orergcncy. 

^ bastnin , although it was not really a^setitlenent in the same way as' 
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the civU towns, v«s usually a pennanent thing, and over time, quite large civ- 
ilian scttlaments grew*up arouncJ the *fortxcsses. The leyioivury forts were rrore 
tenporary, bu€ arxxind these too settl^2rents ijrew op. The legionary forts usually 
0i|>tia3 when the truopsi movod on, but scTJetures « settlement would remain and 
grow. Sudi bcMn&, together with others too snail to obtain any othef status, 
WE5re the viol , the lowest level of the Rcmanb-British urban hierarchy.^ 

LoijJinium, despite its uncertain official status, was clearly the prqsrUicial 
capital in fact, if not in name. .Tte early as ^.D. 60, it was the administrative 
centre, and later became the headquarters of the inperial revenue service for 
Britain and legionary general headquaFters. Londinion v?as also the mijv)r t-umur- 
cial centre and the site of Britain's chief mint. 
Ihe Conponents of the Poeid Nctwprk -v 

As has been indicated in previous sections, the Roran^ wx3re facocl wihJi a 
different problem in the highland areas of Britatft, tvjm, and west of the PlautLm 
limes, than in the lowlands. The population was £storal rather than vigri«-ultuial 
yas less orgali^ed, more warlike and, hod had Jlittle or nd interest un civiU?.it"^ 
before the, RcrrorJponqUest. ^The vaUey bottctns weJ'Q forested and thu2 hilltops 
either rocky or peat-ooverod, making the constnx:ticn of a rood netwrk^more - 
diffipilt than in the more open areas to th6 south. 

^ Ihe highland areas v^re subject to military rule for nost of Jthc Roman £xr- 
iod, and almost all of the roads were built for thansftnquest or policing uC Uie 
highland* tribes. As time progressed and the tribes became loss hx?lllgeicnt, 
trade incfoasied but seems never to have bcocme as well develc^xxl as the 5uuLh- 
east. ' * , - 

The roads of Wales have been chosen as an exarple o^^^^Stlitary* netvrork; 
Wales was occupied by the ^Remans rather than conquered, ancj the fortresses and 
forts renamed garri^6j»od-aliT|^t ooiit incus ly. "^is \^ in c»nft:ast to the military 
areas of nurthcJn^itain where ,"^a^ result of c^ianging policy, the forts wore 
abandcyied and reocx:upied several times, noking it difficult to i^ocide which roads 
and 'centres- were in use at^i'^y given tixne. ' - ^ 

area dealt with* here, is that area bounded to the nortl) and west 
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by the suppose^ line of the Plautoan frontier. Tb^ roads are only a selection 
of those that existed; the major settlerents are included and the main J/Jiks 
between them, IXplicate routes between centfes have bee^i excluded (6J . Cross- 
roads with no identifiable settlements ha\^ been given identifyii^ letters {6} . 

As already mentioned Fig. 1 shows the routes of the Antonine Itinerary in 
^Britain, Ihe itlnei'Sury is a road-Book for the entire eirpire, giving naxtes of 
tcMTts and the distances between then, corrpiled for travelling officials. Ihe 
administration of the ert>lre depended on the re^id interchange of dispatches, 
and to make this possible, the cursus publius was invented by the Ehperor 
Augustus. Relays of horses were stationed everi^ 6-\€ miles along the main 
roads, at mutationes , while every 20-30 miles a ntemsio wsis provided for over- 
night re5t. The roads provided with such services include all tl>ose listed 
on th& Antpnine Itinerary, although other roads are known to have had them. 

The 15 routes listed yo. the itinerary for Britciin pass through all^ the^ntijor 

t * ' ^ . ' 

settlements of the province, although the nost direct routes are often Aot 

9 * 

clpsen. "The explanation pfcibably lies in the fact that those *routea take 
in J^Tpq^tant tcwns where officials of the third century wo^ld be nor^ likely 
to haye business. The direct routes cross less thickly inhabited country." 
U3;39({-391l/ , 

# Ihe roads of the Antoninb itinerary may be thought of as analogous to 
modJem interstates^or motorways; they are the najor routes on whii^ tiire or 
trouble can be minimised at the price of increasing the distahce travelled. 

"This netvvork is ccTYOSod of routes of the Antonine itinerary and other, 
mbre direct, local links, llie routes are shown ill Fig.. 2, and in thp form of 
a lii^cage graph in Fig. 3. The graph seems to be faiiOy wqII connected; the 
center of the highest order is Londinitm, with six Routes Radiating from it. 

•There are four fifth' order centres: ^ ' ^ 

1) [^uTOvaria Cantiacorum, the caput of the Cantii and a centre for routeS 
to the four main channel port^s, ' . ' 

^ ' ^ , ' - ' ' ; 

. 2) Braughinj, a fairly snail settlement whose centra lity is possibly 
due to*^i sanall fort built during* the early £>dvance of the legions* 
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3) Cbrihun Ddbbunnonw/ the caput of the Dobunni at the jgncticjn of the 
major southwest-«>rtheast route ahd the Antonim route to Vtales, 

r • 

4) Aquae Sulis, the major British spa town, lyuxj just to the north of 
' « the mendip mining area. * ' 

Mast of the settierents away frcfcn the Antonine roads are military in 
origin, anc^fi^ven^ the civilian settlements are fortified, a rare thing in 
Itanan Britain before the third century. Segontion was a mining centre and 
>toriduniin seans to have been a pare-Ronan hill fortre^. Both places may well 
have been the equivalent of civitas capit^ils for the local tribes, who nay not 
have been as civilized as the Silures. ' v 

Cicuio and Oeva are ifourth order settlenents, and there are thirteen third 
order, ^nine second and five first order settlements. In general, the network 
in Hfedes is more uniform than that of lowland Britain, with third t^rder centres 
predominating. There are several roads who'^ presence is only su^xjctod; if 
these are ixicl^od in tiate ^ajjh then the number of first and second order 
• centres drops, ,a barrier network, is ineff ect created (9 J . , Such a network is 
ideally suited to thcfurpose of splitting a^id controllinct, an area. 

The Antonine roads are not a subset of the vshole road network, howsver, 

they were in^rtant as the framework ot the whole system and as an ^indicator of 

the routes, which the.Rcrare aidndnistration thought, most inportant. the 

Antonine iti^ierary may be considered as the practical second ur third ceptury 

solution to_ a routing problem, in which the ijKvin settlements of Britain 

were to be efficiently connected with each' other and to the rest gf ti^ enpire^ 

Fifty of the ^more than 150 centres hamed in the itinera have been 

-■^ • , 

included in this analysis. Itese have been identified as having been settle- 

♦ ' \ , 

ments of scne ijnportanco, rather than stages on the cursus ptiblius . 

« ( 

Ti, ax>racLin and Lindun arc fourth order nodes, Londinium- because 
at the meeting ^f rout^ to the channel* EJaotacurj was one^ 
of the thre^ bastra, near which was a flourishing colonia. Lindun was also 
ai ooloniaj L and was for a short time a castrun. and a frontier ^rttloncnt. . 
Thirteen scttlciTBnts,are third order, four of them civitos capitals. 
CMani?cicin,ai)d Catai;actonlun are large fort -vicus" gettlgmgnts, while* Venonae i& 




one of the sngtllest settlements, but occupies^ a vitcd location at this junction 
of tho ijiTportant routes. ' 

TH^ NEnWDKK ANALYSIS 

Using graphs abstracted from the rape (Figs, 3 'and 4) , connectivity * 
matrices were prepared for each najtwork. These matrices (feee (l^J and 1151) 
vjere suhnitted to a network analysis program. The program calculates the 
dloneter of the network and reuses the connectivity matrix to this power. IXiring 
this operation, ^the shortest path distances between the center* (nodes) are 
calculated* Ihe rows of the powered connectivity matrix and the shortest path 
iiBtr^ are sumed to give what Pitts^ [19] calls the gross and nett connectivities 
of the centres.^ These values, together with the sun of the shortest paths 
and tbe average shortest path lengths, are also pifinted. The final output from 
the prograntne consists of the S aftd I ratios for the nctwrk (11] , calculated 
from thg shortest path ma^ix. 

Before the connectivity values for the individual centres are consi4erod 
a few siiipler measures for the networks ai^ wrthy of mention. ' First, the 
ganma values for tlje netwoiks were calculated and expressed as a perceritaye uf 
the oonntSctivity of a ccrpletely connected network: 

1) ' Lowland BritaiJi 6.87% , 

2) Wales 8.62% 

3) The Antonine roads 4.24% ^ 
Next, ty^ al{3ha ^lucs were calculated; this v^kj^ expresses the amount ot ' 
redundancy in the network as a percentage of that of a coiTpletely^o^uiecttid 
network: 

1) Lowland Britain 2.436% * 

• 2) Vlalcs. 1.851% 
3) The Antonine roacls 0.443% 

Fran these two values, it my be seen that the Vtelsh netv^Drk Is bei^ter 
connected <ind more efficient than that of IcMland Britain. Ihc extent to which 
thijs is due to the different nonbers of r^odcs is urtcert<iln, however, Khc diameters 
(or longest 'Shortest path), are the ss^i nliy. That of the Antonine road' 
network is flf'tcen. , " 
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The relative sizes of t^ie redundartcy ratios are repeated in the mu values 
(Alsc krlbwn as the first cyclcmatic, or Betti nimber)^ which are the numbers 
of links in excess of those needed tc connect ell the nodes of thctnetwork, * 
There are tyRnty-two such links in lowland Britain, five in the Antonjne net- 
work and seven ir. the Welsh. 

•rt>ese ratios and ^index nunb^s are of l&tne use in cctiparing the netwcrM, 
but other ireasures, which involve the linkage of the entire netwrk, are nore 
useful. These neasurSs describe the size and the ccnaectedness of >a lutwork, 
enabling ocfTparisonslx? be node. TVro such measures; the 'dispersion (the svirttod 
shortest path lengths) and the m^an path lengths, cire given below for the thiec 
networks; * 

1) Ixwland Britain 7,918 4.1 

2) Wales / . 3,557 4.2 . 

3) The Antonine r6ads 15,341* 6.1 

The dispersion indicates the connectedness and the size of the network, 
increasing with the number of nodes ana decreasinq with the mmtxir of links. 
The dispersicn of t^e southeast network is» greater than that of thr WAhh uet- 
work because of thp greater nuifcer of nodes, dospite the greater ntambcr of lirJ^s. 
The gross and nett connectivities of t^^e^jxxJos of each network cwq given 

» in Tables 1 to 3. The order of ecCh rode is also given. 

I • • 

^ The gross'connectivity of the ith. node is the sum of ^ ith. row of Uxi 

■powered connectivity rratrix [19]; the rcw sun gives the ntfebcr of trips of luigtii 

that can be made frcm the it^l^xxie to all .other ncdes (where n is the diccrcter 

'of the network). Ihis value indicates, in seme way, the degree of central of 

the node. In other wortis, the larger the ntxter of possible journeys, the "gteater 

the Generality. Within t3x2 same; number of steps, (nj more uf the network can bt' 

covered from a well connected node. -> * 

♦ The^ross connectivity value contains a great deal of duplication; this 

msy be excluded by using th6 nett cx^nnectivity, w^i:ph^neasureS'<ho Generality 

using the shortest path lengfihs. 1^ nett connectivity cf the ith node is the 

hi * 

sum of tho ith row of the shortosii p<ith matrix, and shews the minijrwm tiunber of 
steps needled to r&ch nil the other nodes. -In a sense, the distance bcijig 
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Ranked Connectivity of Jfelsh Settlements « 



Name 


Itett 


Gross 


Ocdoir 


G^xinnium 




' 15 ■ 


• "^'■^ 


Cicurio' 


. 2 


lO- 


4 




3 




■a 




4 


9 


3 


Brenxia v 


5 • 


10 


3 


Brdvonium 


g 


17 


2 * 


Penn<il 


7 


7 ' 


2 


Virooonitm Conx3vionin 




7 


3 


Caer Gai 


I 


4 


3 


MDridunum 


10 


* 13 


3 


MGdiolanum 


11 


1 


' 3 


Deva , 


13 


2 


4 ' 


Burriim 


«13 


18 . 


3 


Pen-i^-darren 


14' 


21 


"2 


Cardiff 


15 


20 


' 3' 


Nidum 


.17 




2 


Isca Silunxt* 


17 


> ^23 


" 3 


Castel Collen 


18 


25 


1 


Clyro ' ' 


19 


26 


1 


Tcmen-Y-fflur 


20 


^ 5 


3 


Lavobrinta 


21 


22 


2 . 


Geiligaer 


22 


24 


2 


CanoviUh* 


23 


3 


3 


Mi4dlewich 


24 


6 




tondate^ 


25 


8 


/l 


Gl^vtm Colohia 


26 


27 


^ 1 


Segonttun 


27 • 


12 




Vfenta Silurum ' 


28 


28 


1 


Modioianun 


29 


29 


1 
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Tabic 2 



Routfis of the ;\ntonlnp Itinerary 
• - Kanked Connectivity 



Ifame * , . >tett - - Gross- 

liondiniiir * 4 19 • 

Verulamiun 2 i 20 

6t)lonia punilodunun ^ 16 ^29 
<31evxjn Cqlonia ^ 11 ^ ^ ^25 
Llndun Oolonia ' 14 * 9 

Isca Silujfim . ^ 17* 14 
Deva J 5 ' ' . 26 '' 3 . 
Etoracum. ' 29 . 4 

Isca IXmcBnionm • • 49 ,50 

Duhvovarxa ^ ^ 46^* 48'' 

Venta Belgcurtm ^ 24*^ 30 

Nw^omgus Regensup , 43 , 47 

Calleva Atrebatun ^ ,1 '23 

Co/inw Dobfcijnnonn 13 31 

Venta Silurtm 3^ %1 

Dumovaria Cantiac»rm 33 36* 

Venta Icenonm ' 24 34 

Ratae Coritanortn , * « 6 18 

Viroconiun Cdmovionro 4 ' \ ^ 

Petuaria Parisorm 21 ^, ' 16 

Tsurim Brigantun 32 20. 

Cataractoniup 42 28 

Breireniun 47 41 

Blatobulgium 50 49, *• 

Luguvaliun 48 44 

Clanoventa ' 44 35 

BremebMinacixr Veteranomm . 37 ' 22 ^ 

Mamuciuin p . 27 8' 

MEidiolanun ^ 10 2 

Segontiun 32 JO 

Moridunun 21 Vf 

Kidun < 15 5 - 

Kagnis ^ ' * 5 • € ^ 

Bravoniun 9 15 

Durobrivae H 25 *, 24 

DuroIi{3cns 29 - ' 33 

Abcne 38 43 . 

IVjuae Sulis 30 37 

Vinflocladia • 41 42 

Sorviodunun , 34 38 

Clausentium , 35 39' 

Rutupi^e 40 » 45 

Duhrifl . 40 45 
IXirobrivae I . 19 ' 32 

Derventio , 21 - 16 

.Verterae . 45 /lO 

Veronae • 1 J^- \2 " 

Condate 18 ^ U ' ' 

Burriun*^ > & ' 13 

Spinxs ' 12 ' 26 , 
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Houtes 'dt Lowland gritain 



RanJced Connectivity t- 



Wams I? 

Londinjjucn ^ 

Verulamiun 

Glevurp Colohia 

Colcnia ^Camulodunun 

Lindun Colcnia' 
' Isca Siiurun 

Isca IXirewniorun " 

OunxJVcuria 

Vcnta Belgantn 

Calleva Atrebatun 

Novicniagus Regensum 
' tXirovemnn Cantiaoorura 

Venta Icenbnm 

•Ratae Coritanorun 

Cortnun Dobbumorum 

Venta Silunin 

IXiroconxjviun 

^Inis ' 

Venortae 

IXirobrivae II 

IXirovigutun 

IXirolipons 

Brai»ghing 

Bratntree 

Caosarccnagus 

EXirobrivae I , 

Regulbiun 

Rutuplao 

CWbris 

Clauseritiun 
ViAdcxjladia 

Sorvicxiuryjm 
Aquae Siilis 
Abonae ^ 
Cunctio 
Dorchetster 
Alchester 

Iifchester 

*i 
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Gross 
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' measured is the 'useful* distance of Hys node txxx? the rest of the network^ 

rather than thfe total nuriber of routes possi)?le. 

The difference in these tvvC types of ireasurc can be seen by the different 

-( 

ranJcinos of the nodes cn the two types of connectivity. . 

Lowland B ritain * ' * r 
* 

londiniun dcxrinates this network, having the highest nett and gross conn^t 

ivity. 3he nett connectivity seer© to be measuring central it y within Ux network 

all but one of the ten highest ranking nodes are on the najor routes out of 

Londiniun and are linked. The gross connectivity appears to he measuring sone 

sort of accessibility; in general, the highest ranking nodes are those of the 

highest order, and are not linked to e^ch other. The lowest ranking vvlkIq^ are 

perlphei]^,. except for Dotchester, Irchester and Alchester, which aie i^g^^the 

centre but £tre not well conhectod^. * *^ 

Vfoles 
— — 

This network has no strong* central node. Gobbaniuri has the highest nett ' 
centrality and yodiolaniin the hicjhest jgross centra I ity. Ttw highest rankLDs/ 
nodes lie on the routes out of thpse two nodes, the nett connectivity is lugtiest ' 
in the south and the gross in the north, meeting in the east and Mjst. Ab fia^jht 
bo expected, the lov^^st ranking nodes cire found m tlie centre and at thie tJcr i[vhcry. 
Thg Antpnine Itinerary 

As with the previous netwrk, tl^ Antonine network Uis no central ntxJe, cind 

by contrast -to th(J netvork in the southeast, Lordiniun does not rtink higfiest f>n 

either neasure, Vcnonae has the highest nett connectivity, and all ten ncdes 
> 

ranking ^st hit?hly on* this^measure are linked. Condate ranks hicjhcst on <,jiuys 
connectivity, with tfe ten hughest ranking nodes^ forming a group around with 
three separate nodes.' i='or both measures, the ten lowest rcinkiny rKjJes are at the 
periphery of the nctwDrk. » * , "* 

• '\ COCIiJSiaJS 
The present study has Shoyn that the Benan roads in Wales and southwest 
Britain differ, .in several eespccts. The Welsh net-wr'rk is better cx>nnected, 
leS9 tcdundant, and the average order of ^its nudes is less. The lowland network 
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has note nodes, yet its diameter,, is the saire, thus indicating, that m one 

if 

way, its nodes are closer than those of Wales, although the dispersion is greater, 
shcvong that the nodes are less well connected than those of Wales in another 
-way. Ihe average path length is the saire, but the standard deviation is .greater 
in Wales. 

These differences ten^ to favor tjie suggestion that, because of the different 

purposes for which they v^re built, the netvrorks^are different their final 

fom. A more" detailed anal^is, cast in a nore fonral manner, and enploying 

a great deal inore historiccil and archaeological data, will be ncteded before 

any firm conclusions can be reached. ** ^ 

This analysis, has also shown that, despite the stress put on Londinivir 

as a major centre of cxxnnunications, [13;103-108720:61J the city does not appear 

f ,to h.ive been the ivo&t itrporiumt on the Antonine network., ifcwever, the central 

» « 

position of Lundinimn on the ne^wrk of Icwland roads shows that the choice of 
routes^ IS of great iiriportance in the apparent;^, statu*? of a centre'. In any future 
study, the roatib dxjsen as part of the netwrk to be .analysed nust h& chosen 
* very carefully on the .itisis of their probable" it^rt^ijice to trade andttravel ' 

within the provinc6. • ' ' < 

The ^inalysis of the Antonine network ha^ slicwn its efficiency as a means 
Of connecting the major settlenents of the proVirjce. The lack of a central node 
may indicate a balance achieved within a network intended tu csonnect a nunixjr 
of settlcjnents, the piesence of one settl^neri^ with a very hicjh connectivity ^ 
w^ll tend to decrease the overall ef fifciency of -the network. This lussenujg ^ 
4^ of efficiency nay in sane o<ises be outweighed by the advantages gained by the 

central city (shewn for exanple in Central Place Theory) . . . . 

^ This study, has atUsrptfed to shew hew network analysis can be appUe^ to • 
tho examination of historical networks and how the results of such applications 
^ can be ubefu][^. The results support the JLdpa that at least two scfjarate sub^sten>s 

can be distinguished in the network of tovui roods in Britain, and that the 
structure of these subsy stents, and that of the Antonine itinerary, can be 
profitably examined by these means. 
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During the witing of the present paper, I received considerable assistai^e 
» * .. " 
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